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~ Th~.s _ -~p ’r t  de v~~’itas -j  t -t..~ c t’f~ rt  undert &~e~n t ._-’ impr ~ ve t Ia ~ exp~ri —

mentu.I. r~’del ~Voic~ Seu nd ~~~~~~~~~~~ ~ar i t~~iv~j .j~ built ,  under C ‘a1t . ra ~ A}’

3a ’~ ~~4~( —C —C ~~\’. Thj :~ equipase.a ~ ~t i ~ i:~i at t ~~ t e~ I , i’  ~ U a ’~. ( ‘V .tt.~1e E~f ta  i ~~1r:it

F~ rn~Ant par i~set.e~- ~~tract  I a’ . tth t u n l c  cnt~-e. . - ry rec a ’1-~at it ~~~~ • ~u..t a~~~t i~~~~’1’y—

~ca t’. ’’l~’t wc z’d r .- .~~~ I t  L i :.

E~ tensiv~ hru d’~u’e and soN~~.tr e n’~di t ’ tca t . Ic ans  t - ~ the b asic  rec~’gn i~ er

sy~ tein were niade d . r ing  the  t’r~’gr~~: w h i c h  I lR~lud a * l:e use a~t :~rI:It  nut a ’r :t nt I c

speaker ada~ptat tun by nesns ot’ di stance t’unc t  ioa.~ def i ned by :~et cC 1Th~’ue ’th’
category ntrin~s and nearest ne i ghbor W a ’VaI recognit L u  decisi ns .

The final recogniter configurat  Lan displayed a ri ’~t a Ie t -d ~~~~~~~ ~~~~

tivity and an avere~e recognition rate for flur e~ t’aka•rs of  i~~ when us in g  a

~5-wo rd vocabulary .
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EVAUJATION

The objective of this program was to make necessary modifications
and tnprov~nents to an autanatic isolated ward recognizer fabricated
under a previous contract . Words are identified by recognizing basic
sound classes and their order or ‘equence of recognition . This pro-
gram was aimed at making the necessary hardware and software rodifica-
tions so that higher recognition ri- t.es could be achieved in recognizing
s~~~ of the more difficult sound categories . Previously, the. nasal
category representing the sounds “in”, “n”, and “ng” was recognized
with a very low probability of correct recognition . Thsring this effort
the reliability of the nasal category detector was greatly improved .
In addition, the vowel and stop detectors were significantly modified
to improve their recognition rates .

Software programs were written so that the sound recognizer hard-
ware could be eva luated more eff iciently using different. speakers and
varying the quantity of library wards.

Word recognition is performed by using an algorithm which uses
distance functions generated by groups of 3ound category sequ,nces and
nearest neighbor word recognition decisions .

The existing system is now capable ot recc’gnizing four difi~czcnt
speakers uttering 25 test words with word recc~nition ratesvarying
frc 72% to 92%.

S

In its present forin, it is a usable system as an interface between
teen and machine using a preselected vocabulary of approxlamtely 25-30
words.

Word recognition rates could still be inçrared if a feedback system
sees incorporated . The feedback system would utilize various lInguistic

• rules , apriori knowledge of the library words , and c trtain ca~emndlanguage restraints. Such a system could very well be implemented and
activate various systems by r~.ans of voice control.

• RIQ1ARD S. V(NJSA a

• Project Engineer
a: Pn ocessing Section
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I1flRC~~JCTI~~J

The build ing of a real-time isolated word speech rec- .gnizer , ut l izir:

the S ingle Equivalent Formant (s EP) ,  phonenic category recc.gnit or. and cate-

• gory-sequence word i’eca-;~n it iof l  techni ques , was accomplished dur ing a previcus
- contract F3~~O2_67_C~03a)D. This recognizer was ~ntirely hardware implemented

and capable of recogniz ng a total of any 12 words chc.sen from a larger 112-
word vocabulary of Fortran prograrr .sr.ing words . The recognizer design concepts
were such that the vocabulary could be expanded to the full 112 words ; hcwe~ er ,
the equipment was limited to 12 words for reasons of implementation cost. The
chang ing of vocabulary wor ds was accompli shed by altering hardwired category-
sequence word-recognition 1o ic to conform to design data obtained from sample

utterances of the desired vocabulary words . The design of this recognizer am~
- 

-- 
the underlying concepts are fully described ir the final reports for contracts

F3C~~i?2-67-C-O3oO and AF 3’~~~o2)~ l7~ -a ,-~ I .‘ha -,a ’ lA  he cc-nc i~~- ”--~ ~‘ p ”t  of lbj ”

-: report.
• Test results from the p’.onemic category word recognizer demonstrated a

- 
tendency towards speaker sensitivity. As shown in Table 1, the equipment

achieved a recognition rate of 93-jo (for a 12-word vocabulary) during the test-
- 

- 

• .- ing of the speaker who supplied word logic design data. However, for new

speakers, the recognition rates dropped to the 7OT~ region. To overcome this

problem , RADC desired that three efforts be undertaken during the program

described in this report :

/
• 1. Improvement of the existing phoneu~c- 

-
, • category recognition logic.

~
- - 2. In~p].enentation of’ the category-sequence

a- word recognition logic in software.

3. Prcvide a means to adapt the recognizer
• to individual speakers.

/

•
• • 

. The first of these eff orts was directed towards flndlng and eliminating
-~~ genera.]. problems in the phonemic category detectors. The latter two efforts

1

— 

-- ~~~~~~~~~~ 
,
~~~~~~

_ ,~~~~~~~~~~~~~ a • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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were undertaken to r ( - du -~-o the speaker sensitivity of ti.e word 1 - g b . flee
- t a - .  - .ni quc u t ’ adal ~- at i .a fl to i n d i v i d u a l  speakers was felt to be a re.asoi:able

system ea a- . l a 1 -~ r1i cc in aT plicatior.z where the ;~;‘eako ~ S speech characteri ~ t i

• . can b’: dcl .-z n i f l a - 1 p r ior  to use. Th is is , of cout-5 ’, practica] only if the

v . a - a ’ : ; : ;  C a l  a d ;d a t  i tt  i. i i  iu a-~c -m ~ i i i  hod rapid ) y and no totnat i cafly -
Early in t i c  va -ge -len , a techni que fur w. rd ia~~gie adaptation W i f  C a - ! 1

f ccived and a’l t ca-I Lay RIiDC pr a- . a c t  ia t ’r -~.,nn,-l. U p~’c)ve~ feasible 1 . - c  u ; e  in

I. e rcu ’.- , i i i  : W r  and was ua ,h :, a - • a n t  1:1 used during the pregr iun . The t eehnique
l f l V a -~~~J o a .I t h e  gon - r a t i a - a n  of a f l a i l l i n g  library ” L a y each speaker , wh ich  con—
sist ed  a I

’ a n ie i . l a a - -r  of samples i ’l a ~~ e a fhi  word in the vocabulary . These train-

i ng u:ampi a-s are c I a - a t - e d  in the cJ:~J o t e r  memory in the fe-cm of i at ~~~ i i P m  Ic  cat- c —

gory sequ ences . A separate t r a i n in g  net  ir stored fur exclucivc use by each
speaker whenever ho wishe s to use the rc ”o~;ra i ce r .  Theze t ra in ing  se ts  are

u~;ed du r i n g  rec . e’.n I t  ion cure  ex t en t - I eee  v t -~u in~ I w h i c h  the unknown test  if. rd vu - c:

be r n - c t  a -b o a t  I ;i t lie cult e o ry—sc qt ~enf e  word 1L g I . ‘1’he var In t l ~- n:; w i t - l i  i i i  an

I ud vi ala -ci fpeal:er ’ t r a i n i n g  ii ha -ra ry had already :;h - - e n by the c- -v a- - u i  pro —

gram to ta~ w I tie I n the ‘ u t  f l a  a C l ;  at i i  i t :, of’ the  cat ‘ a g  - ry —sequc n r a - • at  rea;. -I:n I —

a - i  C a  a ,  - - Tb , 5 ( C I r a l ’ — • -: — :  ~ i.k - i’ var ia t  I efl \ : -k : e  e f l e rt  i va- ’~ (01 C a. - 4 , . - l

Furthermor e , tra c r 1 1 Ic . ;  ean be’ ~ ‘c - -p 1 i cet: , ’d n i u l -e - .:t~ I cal ly and as r a ia i  dly as I ho

— s i’eaker can u t t e r  a ccl  c - i  111 l acy words .

T at - Ic ’  ~‘ shows I t o  I y ; - iea l  n - p r  - a c t ’  u t  L i  iL ~ i~’ a l  lay this I e a t - ni  quo at an
early I L ’ i r ~t in i t s  dCv ’La 1 ri a ’e l t  . f let•  ‘ a ’ :; I r i - s i : ]  Is al - a- for  three ce~ - - a t~ a -u’::

u t t e r ing l-~, I , anal 3~ ) Y a r d  V~~f a t ’ ; 1a r  c - c , and ~h w  CIV CJ C4~O i~ ’.’ ~ i i c o r e  rates
a - f  Cl , 8~ 

, and b p --r a ’a-nI  , ca -c 1 a t - - -t ive ly , and ca-- l ed  va -ely see .uc i l  d i i  l a - r ences

l e a - a -i Si - ce th - ’r t o  sr eakcr .

71cc t e a l  ning library I t- - l ; t  i p - a ’  p rov ides  tie Whet I i iat iSl  l r e N  r t  t t : i t  advan-

tag e in that t~ Va a , ~’ utia eiru -j  r a y  :d ~~ be cia ;uu~ e- d as r eap i d ly  a~s t I.e ui -cake r can

utter a new set of’ t r a i uc i  i I ~~ i~ i a i ~ u i 3 ’  :; u u i a p )  e:e.

• Figure 1 chews t i ,e b lua- h di eagr ie:l a - I  the it ardwo rat/software speech ~~
- 

a

recognizer that evolved dur ing  t I e  Caaul l ’ : ;e  Cal’ t h e  pra-grnre . it consist .s of the
phonemic catcgaary recognition Ia -  ~ Ic , a compu t e’ interface , the ItADC ca)Trputcr ,

tape deck , and te lctyiae ut l a u c t  . The opt- real i a a i i ~~i sequence c~ nsi~~t cc of a

speaker ucit er l ig  a ~et of I ra i tcing words int o t lie ’ phonemic catega-ry roe. g ic i ze r .

The detected category sequence is fed t a - a the computer I h r a ugh t h e  1nter ~ aa-’e

3

— 
- 
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and stored in memory . If the speaker wishes to use the recognizer at a later
- date , hi training library is transferred to tape so that he will not nave to

generate a training ‘i -’ brary a second time . Once the training library has been

generated , the recognizer operates in the recognition mode , ct wlfl c~ t~ .nue the
: a- : soi’t-~~re category sequence logic carr ies out a matching process on each word

- as it is uttered. The teletype is used to pr int  out the final recognition

- 
decision. The entire operation is essentially a real-time process.

The phonemic category logic recognizes a total of 13 phonemic cate-

- 
gories. The categories are shown in Table 3 and are generally divided thtc

: groups denoting manner of articulation , i.e . ,  voiced stops , unvoiced stops .

nasals , etc. The vocabulary utilized during the program consisted of words

• taken from the list of Fortran prograncining words shrwn in Table ~~~.

- Section II of this report describes hardware modification while Section

III doscribes the word logic concepts and software developed during the pro-
gram. The remaining Sections IV and V describe the results , conclusions , and

recommendations .

- 6
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Table 3
— -4

P}~onenl c Categories 
-

a—

Phonemi c Phoneme s in 
- -

Cata-gory Number the Category 
- •

1 S

2 5 - - :  
a

‘ ala

3
14 p, t , k -~

5 ia~ ab , i, 

-

6 ri , n , r 
-

7 i ,j

8 I , c , me 
-

9 A , a ,3~
1.0 1 , 1 , u I
11 u , w 1
13 V - v o w e l

114 F - fricative a
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Table 14

Fortran Vocabulary

1. OH 141. S 81. }1JNCTIa~a-il

2. ONE 1n~. T 82. EQUIVALEI CE
3. TWO 143. U 03. C C4~IltI
14. THKEF 1414. V 514 DATA
5. FaR 145. W 8 .  It~”r F)3ER
6. FIVE 1e6 . X 86. REA L
7. SIX 147. Y 37. Da)U iuLE
8. s~v~Â 148. z 88. PRECISICI~
9. EICdIT 149. TRU E 89. CC*-IPLEX

10. NII~E 50. FALSE 90. LOGICAL
— 11. ASTERISK 51. ID~~TITY 91. RELI ASE

12. SLAZH 52. NOT ~~~
a REPORT

13. PWS 53. LESS 93. STSOPS
114. Mfl~US 514. TItAN 914. ARNcR~-tAL
15. PERIOD 55. GREAT ER 95. MAGTAPE
16. CU-~-tA 56. CR ~~~~~. P~~~d~~~
17. S~~~LC0LON ~ t .  A}11 97. I;or’no~~A -t a

18. SPACE ~8. GO 98. ~t~P
19. EQUAL 59. ASSIGN 99. EDIT

20. orEr~ 60. rF 100. No~~a’a
21. CL~~ED 61. RE~VRN 101. BATCh
22. BRAC)~~T 62. ~~D 1o•~. FORTRAJ~
23. A 63. IX) 103. IIB
214 . B 614. CONTtNU E 1014 . TA PE
25. C 65. PAUSE 105. JOB

26. ~ 
66. STCI’ icr;. ~~~~~

27. E 67. COMPLETE 107. EN DCCIa-T
28. p 68. DTJ-IEUSION 108. CARDS
29. G 69. StTl3R~UFIflR 109. NOIDEN’lITY

30. It 70. EXT DU~.AL 110. CMPERB S
31. I 71. BLOCK 111. F14DUMP

32. 3 7’. REAl) 112. ILALT
33. K 73. PR INT 113. COBOL a

314. L 714. 1~INC I! 1114. cc~IN 
a

35 . M 75. WRITE 115. Ri~2-t
36. N 76. ENDFILE 116. TAC
37. 0 77. BACKSPACE 117. LCM
38. P 78. REWIIC D

Fc1~1AT 
C

8
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SECTION II

PIIONEI’tIC CATEGORY DETECTOR NOD~~’ICATIONS 
-

-

2.0 Intrcth~c t l i n

Figure 2 shows the overall logic for the 1-honomic category recogni:er

(developed during the prev ious program). There are four bas ic levels of 1c~~ic. -

The first of these is the parameter extractor logic. A total of three para-

meters are extracted : the S}~~, the S~~’ amplitude , and voicing.

The second level of logic is the detection of acoustic featurcs. This

level eoncei’ns itself with the quant iz at i ou  of parameter levels and slopes.

These features are the simplest individual unit o infor s-.ation processed by

the rccogniscr.

The third level of logic is tez-med acoustic event detection . Str ngs

of features are combined to form units that are iaerceptuaU..v significant but 
-

do not necessarily possess the same perceptual value.
The fourth logic level is the dei.eotion of phoocmr~c caicg~ai e .  In 

~ -
~~~~~~

this logic the varIous acoustic events are subdivided and then recombined t~ a

form categories of identical perceptual eveuts. Figure 3 shows in greater -

detail the ind iv idual  functional blocks and their interconnections .

2.1 Error Ana],ysls

At the onset of the program , it was observed that the unvoiced stop de-

tector (category 14) did not respond for certain speakers . An Investigation of ~
-

the ‘roblem uncoverc~1 a special case logical, error in the release detector

(card 10) which is described in Section 2.3. This problem showed the need for

a general performance analys is of the phonemic category detectors .
This analysis cons isted of examining the detected phonemic category se-

que nces , as printed out by the computer , for four speakers utter ing cne sample
each of 20 di fferent word s . The detected sequences were then compared with

the sequence which would be expected by considering the word pronunciation.
Confusion matrices were constructed from which the suassary shown in Table 5 - 

- -

was derived. As shown , both the probability of deteo~ing an ut tered phoneme a

9 - -
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Tablc S

a - - 
Pe~-f~r:- t.n.~c! Analy.~iz Rcz ~:1tz

-~ Probabili~ y Lf  C~rrec~ ~~obabh1Lty that the Detect~ r
Detect c -r  ~~a t  : ua3 to Rc-s: -~ nse Reuulted fr~m the

- - -; i’h~r~er.e Category Ut t e red. ~~ :n-~~e terance cf t hat ti ~ :;e~ e

— 
- 1 .~ 5 1

2 .?5 1

3 .53 1

1. .~~ Y

5 1 .57

6 ,3 a .&~

7 1 .53

-
- 8 .67

9 ~~~~~ .52

1:- 2. .76

.-
~ 

1_i 1 .59

13 .~ 7 .99

.95 .95

-i a

- __ a,
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a~ . r t - t i t - ~ l i t ~.- t ~..a t u - h a t t a t a  r r1 -t ;~- fl . ;( - c: ts a . .  :~~:ult  ~ fl a . ’ -. a . r a j

a -  e . a h a  a . f l

- C a - - f l I I~ ( V  a d a I l ~ ~m- - - - - a i L t a. l ’ i r t t ~ t n i  -

j . ;a I n m l t , ‘:a - a ’ ~~. t~~~~- C ( : t a ~~ h -i t ~ a - ;c la .  ~a~ - _ -~ a i . a.1 t - - 
~- : h -t  ~ - • t  i~~

I a t -v . - r  • I i c t  ~ t a~~ • t t r ~- ~ ~ ~ ~ a~~a I 
~~

. - t t ,~~t • 
~~

- - 

‘I :  t e,t ’d . ~~i’a~~ ~.i1) . - - 1 t . t - a  j  t $ - . t a  ~~~~ a~~t cr 1  a. j -- 
• r. ,t-  . -

tn: .~~~ t ra — - ~~~- 1 ta- a . ~~ I . - . r tm al  i : - , a~~ •
~~_ -~~ _j I P ah a t a :t - m- ( a . t .  a , -~

1- a I ft1Sa~ t a flds I . - ~a~j  r - a r  e x tr a  Vt ’ . t 1  :;t cC tha t e~-t  I : . ~j ha  Ca -a : -iv 
- -.1 - a  aj a a c t r -~~~ m t _ I a .  a i t Z t t  t - L - -t t . _ -C  a l  a _ ~-

I - 1 i a  - I ~ ~ l t a ~~t tui-j i’, — :~. a:; a: j a- i t

a .  I 
~

- m~ 
- . ; a t  .- .) t . . - t - ‘ ~ tr:- .. it t i i ~~ 

i- t - t i  - ~~. - r.ut-e F -  I —

— 
- t~~ H .  ~ ~~~~ : C ~. t  1~ h de:.- r ~)_ a a ’ t t t e : c - c i a  a i t

- - 1 a ’ CV ~~ . - a - I - a

1 1  - . L t  I t  L..~~Ll ~t a~~~- V ~~~~~~ C a t~~~~a h - •u $  ajC1~~ V a i e a t  a i t  -~~ !1

a - ~~~~ — -
. — a at t~~~ a la t -

~~
. _ f l~~ a \  -~~ - a f l a I  t tc  3EF ~.

a F t  , Ce  - _ a . - - U a Ca a a : I?  a~~1 w t t  -
- t h ’  t~~~t : C t~~ .t i c t i  i t  a - - ala - — i t t  a

a • SIi ‘ a . a  a -~ t a t  a t  .1 t -  -l a U t  m r  a t F  ~~ t t  - I. 1 ~ a t t F  It ‘a , t • t t’ .i a .  ftae t i i t a t l

a a t  I - - a I ale. : t .  a a - I  ~~ :u~ I i t -q . J i -: I a e:en,e ~~~i I he

• nal :1 the ma a al F m ’ - - a i -  F :- . _ :-e ‘t.:ea 1. ::_t . rather ].~ ng a h t i t t t  ~~ Ii re-

q . - mat ~~ a . ’ . - t t . t  t .  _ i t t .  a t  i t  - - a’ i- mi a : a .l . i et a -~~t a c n s  f a r  _ a ~ i~ t . t t i t  a -h . rt

I - a r at I a f l  U .  - t’ a- l  re a \ a ’a t F :  i a ! ,  r the S~~’ t a i t t t i  jUt c * t tm ’ nat atal r e g i an .

~ i L .  L I  Ic ~~‘t 1 a fl t i L t  1U C C t.  a 1~~t C  ‘~~
_1 .lur fla~ th e a’ I cI’i~tt f lCC anmt lys is were

fa~at f l t l  I - C~~~t ‘ h a fl I he at -I  i. - a a i a  ed naa-al was less han 1. ’ ~~ ~n ~h a t - a t  i i .

This • t a t ~~ U :m - -iea - nt I. atatrt’. 1 ,  C r . j — t - ~ ~ it i a t n  n i s a ls  such as t h e  seat~ nd
nas al in t a’ a.- , n.h “ r i i1: 5 ”

A new card was made an~ i flstallt-d in the l-h , -n~-: ic cat e~-cm’y recat~tii 1~er
ta he ll -  red ate tht s pm - ,’h’i. (The card Is it atated in }~ a S  j t  io n 1; .~ in the a

rca- a - a ;n i : ’e r .  ) This card htt- a-rq’t s t~ differentiate short mi d_ h a , 5j t  1. i t  nasal

character is t es !~~~a a t t  t he E t V I  a t a t ly  macnt L~ncd. s~ti ricaas SEI-’ a- x a t a : l - s  j o l t s

Fi~t aa r c 14 Sho~~S the functional talaaatk diagxam for thIs card. -

a 
The la tt IC ti t i1i -~es the trid—naual

1 chmu’a cteriat ic smal l ~It~ p in the
-

‘ ~~pli tu dc and the CX .~Urs I~ n of the SEI~ into the nasal region during

U is drop- The tusp l itude ri~ie at the end of na~ i1 articulatien is tIetectc~1
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Lay the I~C d~ t l a  I t  I t t  latci’ auid t 1 !ta al ,h  d~~t a a t .  i- at the l~. t t a U ci i_ t a  f i~~: : m e .
— Q a t t a t a at - -d 2~~’ a nt. F a t  _ . : a  f r~ a t i t a ’ (~ ! ta ’lal a t a t i t i  ( -

~
_ ) r a t t t :  i- i _ ta ti t ta t~~~ delta’;

ç ard (~~) i t t . , ’ . t t a a t I t ~~t - 1. ~ ~-:~ al r,at t t  it r a t  ~a t a i c r e a t ’ 1:- .’. a ated by t ie  ~ rj t t i - ~~
iha ~hF infer :L • ia tn  t a t  i - :a: _ n -~t t i t F C U a . i t  a 0 ‘t at lal ~ a i -~ - : l t  i_~~

~ur~ i t  at I~e _ at I i , ’a~ ala . a~ i : .  ic at at - .1 i t t aj e  t -isc tit t h a t  t-iii .I f t h e  n az al . Aa at

t’t a r l  t :a t i ’  r a a t t  F i a t t a  ra to m t  i t i t  t C t ’~~i - . .~~ a : p _  rl:e.: , I t 1 a t i~ ‘ a t  Ca I t t a t  t at

nasal l a  a a - -at - J- - .I t at V .  a’a . l  .C ‘.1,! a f :at i ca -  t ~ a -~~ i t t -  a ’ 1 . : :.  T!iiat i at tac —

.: i , . I  i-v t ha  t_ r : , .  ~~~ 1 : :  - d i  ~~ ci rat: ,  at . I 1-. 11, p r oa ta - i a m : ,a Vc - C I~~~~ a I a . j

Q eec - • a t a ~ Fl la— - ’L~ p is t l’ r--:an s cf P- la-tt ~t a t’...l ’ anal ~ a- a •

I I I  t a t - i a , e t a t t t - i a ’ai t I .  i a - ~t~ — ‘ ta :: I ,am :i” 1 aat  a i_ .- m a f i s u  I t a  a la t a t t  ,I a’.: :a l 1’ n,Ia r a ato

tat i a t ! :  I t t  I I I  ‘1~a I ’ a t  t l. a ,ti a t  ( ‘mac Sh_~t . i l l  p—Fl ~_ r i’t - a t C t  is acc~ -- p1 a eta - a t

t h i . C a t .  tt.c * t~~~ a ’c ~~~~‘. - . t  -F ” -
~~~‘. a’ . :t. - a - i  p a t ~ ci ’ this card 15 1 l . a - i t  or •~it t  t’d

w i t h  t i - -  a t a i t  p at L i ’ t i C .’ a’ r1 1a 1ial itatsa l card (Fl’-).

Tta~ aa card pi’a.wideS all 1I :t ra ,avta t ’ .a lit when the i3F~’ nasal s i a n a ü

15 d a t  , a t a t  cal a r t he thop a t al • a d - . j r .  t - r c a . e : a a c a ’d a- I t t a I t a t  dat I cat  I Cal .

j Lest-  t a.,’ C. tau t :~ nat a c r a - t t  n I t  I a a tc 1a - a- : : a - a a i y : i a t  i~ 1 -~. -rt. ~ W a l  a t OUSO

• ocattars ad.e~ I ~~ wei’J iat j ’r. mt ~ 
- t i a t c a l  Cu a- a l t  - a I t a t  I h a t  JIaasal t~ — level ir- 

a

t L a tat1l~ - a ~~~~~~ a ’ t i a a C a~ t i l t i a  a (!.t ~ t ,.,.. .~~~~~~. . , t~~~~~ .t V -~~ - .
• be a ,aat t a t  ac t  ry a:. lao - U :ci- ttai ~ I i t t  L t  case

• It w _tat a~, t a t :  1 , 1 at . aa F , I at 1. 1’ t a t  t t t a  at uI~ ante te a t au  1a :tat’.Cl a t  - - d a t

• - - - 
- 

ath aai t ~~a a t  , ~ r.,-,li ii,- i,li c . laI  i t t  a _ a I~ I i  . - - aid t F a a V a dat atc: - .e a t a d a  ,~ai 1 a it a i~ U

nasaL].’.’. ~~FCat a l t .’at . a i t t  at ct .: a.t t~~ - i~ i’a ived tt- . a a J _~~a , ,  i it I - . t Ii I he cat a~~a, l y  Uflal I l:~’

Wt t’at ia 
~ - . ( j t t t t  at .v C a  . . ~‘Y — . - - al .a ’i ta ’t~ l ’ a Fal L at chat a. at’.: are doat a’ Ft l ( al in ,~~a’ at —

t t a n  III. ) T I e  1: Ic I L a t . t .  a I ’ t : . C  C:a t  C 1~ atF’a lati _ ~~ .tt at ~a a . : . t , a .C~at t :aat a w. n.h tat

Catr:i a a - a t - c d  a att 1’ ‘. I ’ ., at I~ V .  ~atlit atan!. I i - : c - ,tt i - - e a t  t a l l  crept -rat -ed. wit I: iaaatai.: an

si_ a p-at • Tt .ta t ac~~li . I : ma 1~ I at f r i  ata ),I :v~ a 1’ Va a:atl iS ala.t~~ - at l a ~~UüaC.i I V I t a’ Ci t .  —

nerti c recc~tn isem ’ t~ ti Itt a ( a t t . a ’ r, L j  va. ~el a C 1~I i a t a t  lye cata - tIcr~
,- (~ 3 aaa t .I l!t, F a —

P ac t  Ively ) and tha ~n i a .  il aat , l by the  C t C a ’ I f t  at’ Vt wel Cl’ 1 1  C a L l  ~, \‘ a t a t  C al a’V~’

(7 ~ , • it), II a 1’ 1. ,, -~ 
) • T h a t  .a I çt’i C a.]. V o h a l  f i i a .~a t t t .  a: a~~~* iiat C Ia’. aJ.,l

h~ 13_~
_ )_lta —1 . It’ a nasal , at a-ni ’ :: i-ct  Wa’a -li t Wo  vatwa -ls , t ! 1  ~etiet ’:a1 vowel cat e—

gor y ~l3 d e t a ’ a t t I C  ‘ 5 ~‘cr.aa i’ate.i L’e f rat bo th vatw els .  i . e . ,  i~~~ a~~~a_ l $ _ it . T !ais

Is accomplished in th e vowel fricat ive detector (car at ~1li ) b’: ra -r.ctt in.’ t h a t

a’a.awel and fricative durat ici n de t ectors whenever r nasal is detee t c.I law card

15 and 1’A . How ever , if the .~ 2t nasal q ttan ti~ er is not I-rosa -nt ~~ r ta.  i e than
120 mas prohibit- inc an o :tput a- fl car d 15 and the amplitude ttn.-p is too sr-.&ll t at

15 a
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‘ 1

a t _ i t  i at fy the dat t t . ~t - i’ - r c_i d 1 a u , I t  CaSe 1 1 a ra ~ a.-f t ha. ra a.el i v  b a t  i _ i  a-c del t c t  -

wil l  t C L C V .

l ie aLu a t a e~ t ~~~~ :-y ‘.~~ tad — _ - a l— a at . ’  c-i ::a , i : a t t a c L - 15 t ati t  uetc att cal a u ’. 13— 1—

as  a - t nat a ma is p ar t  icaiai’ly I -.:t’:d l a .  t Iaat  wcid it ,~ I a ’. t i  h tm- .ndlc a u n t  it -a  .1.:
a 

L - - c - 1 V  t a  Ci ’ r :at eta atcerat~ . To ra.- al:aatai t h at  t~~~u i t ”  i:’ pe a a cd upon t t a a t  w._ rd I. L ic

in c n c t a  c t ta ta t S , it r.a ’.l’. C: C i ’ .  a ,  a has ta-eta ma _ ide ta t I a i ~a~ v~ ala’ C a _ ate ina.h i at t t l  - ~~it  ad the

L ’at CUl’Fat i laCt  a ~.
‘ a na_a :C~ ~ -a at n t!c n - ta -  at! .~ d- alat ’, a- ct a ie sat taf : a -a l  t a t  t ha t  aua- ~ I i  —

t ado c t - i t  c t - i _ i  is ta~ . The vo~e]. — i t 1  a- t a l ‘.V.t Jet  ccl ar ( F i a t t  a -a- a,) eats ., .1’. Ci ta d

that reset Lecurs by t l , -~ - c - a :m - i ’ena te  a. U t a u  I pa : I frets the a n a t :  it era~ t S~~ ma taat ‘.1

i a t a .  en quant a ater (Q 1) r_it Ia-i- t t aut  I’ actual . t at  at  I l a .  - t I e  i a a ~a’.ai dcl a t a t t  a a’

Thaaat , if ~L s i ta r t  naat:al is n t  a I a t e c ~ a - .1 t- ea.—a a:aa e t hat ai: pl ltn.bat  attaan~te i s  t ~~~

jma:aa il cv a_’ia t l n -u 1ah the re  is art Out tat in the ~~~ ci t : a ’ . nt  t act’ * I he-a the V, .’.a~l ciate —

~‘aat ry (13) a: ill I’e in : c a - t a t  .1 in t he id a’~~a. ry ata t qa e i ice  • i .e 13—?— ~] 3 — S . Py i-at  —

~~r word 1o~ic design , the 13 in t hat ni.idlc cC the va. ea’l eta - inca stay t o  iiatatr -

pret ed  ta t  r..eafl the presence ci’ a n~ atal in i _ a t e  a a t r d  se ntence.

~.3 Step Dcl e;t tr lificat i cit

Dur in~ t he  m i t  ial testima~ of the phonemic cate,aoi’y word recc~tnizer

a C t ’i delivery ts R,titC, it a.-a~ n.t iced t ha t  th e  tan v at iced st cp  ctate~ oi’y ala - t e a t -

t~ r da d n a _ I  a -e r ~~- . nal a er certair . ~eop1e ’ art ic-atlat l:’n c a
p~ wad ~ • Itave~; —

t:1~~ticzi atma t -.eed that a ti-tar.sient in the \‘. i c in g  d et e c t a atr  r :i c re l ah e n c  a t c c u t t ’e d

r t t a a - a t t  te. t a l e .  TI a ’ .c t r ac ts  ac - ma t i- a_J::ced a LI to 3C~ s-s durat  t a i l  va ’ la ta td  i n—
a l _ a t _ i t : - n at the altat a’t I

’ that  ~l.~a3 iv ,: I’ClC aASat  a_ I t he tamaw Iced emiat r~y Jut att ,~ t h a t

art a c..l~ut a ,:1’ “p arti “~ç ’ • T I t i a t  v. j c~~ i n d i c a t t i a . - l t  was a t u f i i c i e n t l~,- 1. aa 1~ I.-

Ic. c’. t a  Fl -i F1 - p fs~ z- the class 5 release detector t bar . aa~h the thret. irataa~t

“ a _ F  ~ate~ _ a i a . w m ,  in F1 ,;-~tre 6. The recettlr.~ ct t h i s  Fli p— F la p ir h t a i t c d  t h e

j e t  pc ’.  l~~fl 1- ‘ t a . -  rele ;se anal tt t.s the a.n’~’at 1ca~d stop. This sItuation was ca red

L-y ~~~~~~~~ It . ’ vole i i t ~~~ ila t ’ a a t  I ’. ttae delayed voicing stgn sl which  r equire s
tt,at vol .’ am ,-~ be resent a iaair . i r .’ :ra of 1.0 mats before an indication caf vo ic ln~ is

p ra.-da.ced• Thus , the short h’trst~ of voiced ina ica t ion were inhibited from
a 

- effectin g the d et e ct iL - n ef  unvoiced stop categories .

~

‘

- 
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t~FF’ Pb It ot

• i h a ’ larite t l l , r t a a a t - a_ a l  cxl t . t  v - - n a - i  t I C  I l l  i t  i t S  h i l t  a t i t tat b y  I h a  t a

,‘a t a  1 , t V  a l t a  afliulva is tact - a - l a t i t  I -  I -c  a t t a t a a . a t , t  lay I ha a t a t a ’ t t t  I t a a h i t  ~~a ’a ut  -

• l l : a ’ I t a 1 at a i t t t t t ’  anal I t  b I a S  t h a t  Ci-d- a t i ~~n a 1 .  i t t , ’ I t 1 t e i ’ i m t ~t i s  r a .a b a t a i - a a l  b

,‘ìt - - h a t  at a Sa-a la ll aa ’. ap  l i t  n a t a  mu i t_i-  l a t h  , i t ,  U t  (~ 
a ) t a t  ~~~ b i t  e h t a’ L i  i t t  I ,-t . it - b - - i t

t t t a  b i t :  t a t  , ‘ i i .’ t~~h(  it 1 i t  i i .  l t t i t t  i a . ’ j t t a ’ a ’,t ,i t i t a t t  h a ’  i c t  va ’~t la ~a a t a l l  l a  I , -- } a a t a a a

t i  i t  a i  i l t ,~ L a a ’u t l a . a ’ ( b l a t at t t C t ’ h t l : a a a S t ~ fl i t t aa ~~t I a a t 1 a a b a  li t t i t ’  S t a b - — I  - a a h i t t l . a ’ .

• ‘i l l  ( h a  .1 1- t t l a j t i t l  ( 1 I ( t i ,  i s t i t c h  i t , t i t t  b - a ’ C a a ; , - l  \ a__it . ‘ i b a a ’  i - S t ’ .

a t .  C a t t ~ ‘
~~~

— i’1a~ 1 a t a a 1 i l  1 a t ’ m u t t  a - r t l a t  a - b  I ca l a , i t i t  l I t  t ; I a i ’ a b a i t - t i  by a l t a a t i l t

• b a  l it- t t i 1 t~ i t  l t t i a a 11 I t t .  - L i ’ I a - I  1 F c a l t a t i t a V l a ’1t t a i l t a  tau t t ha ti I tl t a’)’ t l a a t  t’t *a )l

a~~ : t t l t t  l.a-I - ..t~ at  ac I t t i  tbe h i  l a b  a a h i l a b t t l a t y  l a t t % a _ t t \ t  at a l t  a t a t at t ( a  t t t ia (  ( . i b t a ’ a’

a’ I 1-at - i t . ;  I a i _ a t  I l i l a  1 t ‘.i a) I t _ a  a - a t  lc. at ( a : l l a a i i .  t h a ’  ~ t a i l a c t  a i t  b - t ~t~ - tumid

C a C  li~l 1v I t  4 .; i i  ~~t . lttta,; t iot a i t t ’ . )  t a C  S t ,tmuu l t a t  t a t  l a i l f i t  b a a ’ ! -  i a ’ U V a a _ it t t a ”

, , m t t t  t a l l  ta l l_ a i t l a t i t i t t i - a t ,  t h i s  I-~~ (I a t  p t a a t a’ a a a a i i i t~ t . t a . t h e  at , t a t t . b a . a i l i t a , a a -  t ? t a t t

I n , - a as , ’ I a ;  ‘t a l l  La,: ..jett’a.t t a t  t.; i a ’ . ; t a I l  au ja a a ,a I ’~ ii t h a t  i t . i - - a ’ au i .t a ! ~b S t 1 i a . u t I t i t ’ I I

U j a _ a  a t  t a i l  t h at t a t .  qa . :u t t  a : a t i a t  atm - a ’ n a - b  i’ t tt t’ ai Lit ( h a .  O t t  -a I t a t ’ .

_ i a t  _ a f l  tenj_ . ( a  ~ i a a I i a 1 ’C ,~ i t w i t  u t i  in~t back anal l’ct ’tlt t .a ’t  Wa ’ a ’ I l  1 w,  \ a a t , t ’ I S  t~t t j c h

I a - - a  u t  t i a  a . ’,a  I at  , s~~~t .L l a _ S  a l t  aa ~~ I I ,  - - t S a L  ~~, ~ a ’l a l l ’, a 1 ~ a a l ~~ . ta t t  a ..t - a

An at ’. I t ’ t ’ . i wa a i- t at e a_ int ’l ng the a’a a t I ’ a ’nt 1’ a 1~~t ’ a u a - a  I.-a a t aa a l \ a a tb. i s pr~ t a t  a - - a  I

I’ i it er in~; I t a t  - a i F  -t  I ~an a _ i  I a - l a  vu quant t a u t  i a - t i  • T u b  ~. i’eqtitama t I ,‘er I’ 111 alt ’ t~ na a

- 
- a 

~ ( ‘  ~~a ’b L a ’ I s aw p atta i~ It a ’i  wh i ch aa l t i a t  t a c t a:  i t  a tha’ J II I  tia t a a a l t  a i t b . ’ I’1 I~a~I - b  I

aI. ’i Ofl il 514 a f l  t b i , ’  I E, ’ta a ’Il (’ a S  t t t a ; t . h i - ,, a) liii ’ I ui-ce Lu 11 t unI c s t ep  athttai \ 5 a~ In  t h a t ’

CiT sI~- utaa1 . Thi s , t at - all tu t ’b  5 t t i d t ’ t i a  1St’ Ca aJ - i t . i t  S ‘a a l a _ b  ta a’ C t I  t a t  s t a t  w i t h —

t a i l ) a a S  11)4 n j  - St  an t  st  ‘~ l t t i ’ , a ) l l l ~t t  I i i ,

a t a l L-i - U t h e  l -nc t ~-nal t’1a’a’~ a _ I I  au~~i aa a t a t ’ the a’ l i a ’ti  i t  ala V a t I a  (‘ at t a t

perf a_a i’m t h i s  swi t e h a t a lu m  (‘ t i t e r  I n~ act l a ’fl • The alT s iCna~ is t ed  t a _ a a •

act l vi’ low a~s I’ b i t t ’  t- ( h i ,  a , - bt  a FFP sw t  t a ali  , h i t ’i1 S ~ t~~Y ‘.~~~~‘ b ’  t~L a a t i t i a a a_ a a’at t t r a j

SW Itch Q Is t i ,t’nett u’fl anal a _ - t ’ l a t, ’ t h a t  I hat  C}~~~
’ a ~- m aa1 by i - a~ st ’at t h e  (‘ii t s r

and Is 
~‘Pb’

l i’d it I m a ~5 l i v  I a s t I lt ’ a_ i  I t  p it t  I a I t . tual . t a ,  i t  s _ I l  t~~~ sa a l i t  i’ ii c-at b a y  ~~ a

compai’ata l’ and w l’sia_ tow tt iit’Stat a la_ I dat t  oct - i’ . The It I T  i*i~ itt sl 4tnal and I t a t  low

~~~~~~~~ l’llte i~~.t 81*’ ou tp u t  u i  ~‘tiai  are s t tb t  m’ac t -ed b -
~~ 

t 114’ Ct -r t l - aI ’a ta _ ’I ’ . Tb.’ t au t  I - a - I

a’!’ the ea ara l  u’ut t a t ’ c-a ’flS I a ts  t a t ’ ( t a t ’ n oise  tum id t a’b ’ ( t i l t s  i t  a II t ’, l . I  a I I t ’ i i  I S  a_ ’  I ( a

~~~~ ‘I’lie~ e are It’d I — a  tan u ij a pem ’  ~~~al la a~~t’ I’ ].i tat i t  tI~t atat l is a l  it dat ( t a d  a t l b t , a (‘ tlti’ t I I  —

old limits are set by +V and —V. Tbta aa at l im i t  S ‘%I’C Set t i i ~~I a a It a a ( t l !a t t t a t t  ( t a t \
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are only exceeded by the large anplitude step changes in the 31*’ signal. When 
- 

-

such a change occurs (in e i the r  direct! a l l ) ,  switch is turned off by the 
-

window threshold d a t t e c t a r ou tpu t ,  This is done to protect the outp~at si gnal -

f ro mml in fluences of the otep a- h,aa_fl1te until it it determined to be a step change

and not an isolated large wnplitude noise spike. Two conditions must be -~~~~

satisfied to verify the step change and tui-n on Q.2 , First , or,e full sampling ~~~~~

inte rval (a  pitch laeriu d) t a t ’  fl, chauige must  occur between the detectican a-I a -
-

step SEP change arid its v e r i f ic a t ion . This rejects the influence ol’ one
s ampling interval SEP Impulses that go up aitd down during adjacent ‘ arnpllng

intervals. Secondly, the turning cafl of Q , can occur no sooner than 20 ins

after the detection of the SEP change . These requirements are accomplished by

means of a window threshold detectoi’, Flip-Flop , ‘ and” gate, and 20 ms delay
as shcwn in Figure 7. - -

The operation of’ this circuit pi’oved quite satisfactory in filtering -

the 31*’ signal without introducing obj~ctional dtstortio~is. The circuit was

not , however , installed in the i b t ~’ne~tic category recognize ’ because of the

numorous other changes required far installation. It is , however , recomstended 
-

in Section V that, such a change be ultimately added to the phonemic category

recogiti ~er• -

2.5 Go Light  -

The purpose of the go light is to provide (1) the speaker with a visual
indication that the computer is ready to accept the next ward arid (2~ to dis - -

able the hardware while ~he compute r is processing data , I. -’ , ,  the teletype - -

print ing out results. Figure 8 shows the block diagram for this circuit. -

Whe n the computer is operating, Q
1 
is turned inhibiting the operation of the

category recognizer by clamping the amplitude detector in a no speech condi- -

tion . The go light operation is initiated by the computer ready rate. A

comparator is used for level conversion of the computer si~~aal. The compara- 
- a 

a

tor triggers a .75 Second delay to allow sufficient t ime for all no ise from :
the te],etype to die out. The .75 second delayed ready gate turns on the “go ” -

light by means of the lamp driver and turns off transistor switch Q1. Swi tch
— 

- 
• Q,~, enables the amplitude gate detector to operate in its normal manner, As

soon as a word is spoken , the go light is turned out by the computer ready
‘ a_p

23, ~~~~ a

a

_____________________



— -,,~~~ a . ”~~’” ~~~~~~ —-~~~ —~ --——.—~~~~ ___________—~ — ~~~~~~~~~~~~~~~~~~ ~~~a . a _ .  .., 

~~ - _
~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~— - - -~~ ~.L~~~ -- --

4-
x ~~UJ I.J

_4 4- ‘~ — _.

W O OQ - O z
~~ ‘.~ v)

9

a ,~

I,

22



S
t

_
a
~1

a ’!,-

gate signal. This action again turns on disablirg the phoneme category re-

cognizer by forcing a r-a-s}aeech condition cr. the aznpllta:al c gat e si~~ al line .

2.6 VcicinR Detect~ r ~~dif i cat io ns

The voicing detector utilized in the iholiernic category recognizer a~r” r  
- 

,:

ated by means of a microphone in ca- ntact with the top of the head ta : pick uu

mechanical vibratIons acsociatod with vocal cord activity . (Bee f inal  rep 5rt

for Contract A? 30(602)~4l70.) This technique , w
hUe extremely a,~curate , pre-

eludes the use of’ the recognizer for prerecerded speech where this  special

microphone wa s not available . An att aa. mpt ~~~ made during tne progr am to Sc-

velop a voicing circuit that would operate without the use of the c -ani~sn

microphone.

The functional Uock diagram for the new circuit is shcwn Ic Figure 0 . - . -‘.a

Three parameters were utilized to form the output decision :

3.. the derivative of the dual tir~e constant 
a

peak-detected amplitude parameter.

2. the zero crossing rate of’ the clipped
speech. t

3. the low frequency component of the ampli- - 
- ,

tude par ameter.

The ra eo,k-detected amplitude waveform has a spectral C arI a mc !t t - , the frc-quency

of which is a function of the state of voicing . For unvoiced sound s , the peak

detector tends to charge in small increments ~t an avera ge rat e of 1000 to

2000 Hz, During voiced sounds the peak detector is influenced by the pitc ii

• period and thus tends to charge in fewer but much lar g.~r steps with an ave’ age

rat e of 100 to 300 Hz. This difference in peak detector charging frequency is - 
-

detected by triggeri ng a 500 ~s one shot MV with the differentiated (R1c1) and

amplified amplitude parameter. Low pass filtering of’ the one shot cutput con-

verts the pclse rep rate to a baseb and parameter whose ab solute value corre-

lates with the state of voicing.
This signal is resistively ada’d to a second signal dorived from the

clipped speech signal. The average zero crossing rate is extr .cted

by triggering the 50 ~s one shot MV each time the

23
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- cli pped speech signal chan ges sta te.  The one shot is used to reset a ramp

gcnerat~ r Q1, C and R,, whose avera ge ener gy is pcoporti onal to the ;-er iod be-

tween zero cro~sirgs. I~ w pass f~ltcri:ig is again used to reduce the signal

to a bascb~ ’id par am eter.

- 

‘ The sur~sed output  of these two signals Is subtracted from an adju stable

DC signal in a dt ffercn ce ampl if~ cr . This D~ -‘~ ltage serves as a threshold ad’-

- ~ustnent for the c i rcu i t .  The result ant signal is fed to a comparat or tlc~n~
- - with  the amplitude parameter. The amplitude parameter also correlates with

j j  in that unvoiced sounds are of lower amplitude than voiced sounds

(when considering the system frequ~iicy rcs”~nse characteristics). The cots-

- par~tcr output is a bilcvel sigr,al indicitt ing the voiced and unvoiced stat - es.
Thi~s circuit was tested and found to work satisfactorily in good signal-

to-noise envir one rs~ts when compared to the cranius i microphone. However , be-
— cause ci’ performance losses under poor sigflal-to-noise conditions , thi-~ cir-

cu i t  was not installed in the equipment.



r~- -.. ’~’~ ~
‘
~~
‘
~
‘ 

~~~~~ . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______¶ — — - — — 

-•- — —‘-~-“
-•—- — 

— .w I_~__~~~ .
.& 

~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-‘

~~~~‘~~“~~ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~L ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ r’~~~~~~~~

~~~~~ 
‘ ± ;~~

‘ -
~~ ~~~~~“ -~ 

a- ~ 
‘

~~ 
_.ul.._ ~~~~~~~~~~~~ r

- 
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - -

~i-c~ I : ;  i ii
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.1 C~ t - ’  :-y~~’c~~a -n’e ~~Lt Ca.

The ~-h t -~r~~c cat egory l- t - oa .~ ’,n i~ . a .  n r at es  ind icat ed  by the err ~-c analy sis

~~~ ~~~~C t J~a n Ii are ~~~~~ a - ~~~;ly m et h  n lczz t~~ui ~~~ r l c c t . Such tc ! - a. rY 1’~’C oC~
n i t  ion 1-at, as r a ~t ce r ta in ly  u~ ula.t i- c ~ent  ~e ria.~-us d i l ’I’icult ic-,j in a ~aa. ra.! re—

~ t ion lc~ ic wh a--h i- cal u i z-~~ all - ~~~~
-
~

- - -- ,~ in a -,~~a. :~a.I to be OO1 - x- t~a.-l  i’~ dot-a- ctckL
- ‘~h~ ei’fec t~ ~-f ~u~h a rea.~~ii- oa-~ nt &u’e ih-~-~n by the ia.wer dotted line in F igui-e

10. Here , the size ~- f  the woru , in z :bcr cl ph~ 
- :;es , versus the ra.-bab ~ l ity

a-af h av ing e~rrectly detected all a . t ~ the  ha -fla r~cc wi t h i n  the  word is p la . t t ed .

-: The fj a ’~~~’e assu mes t ha t t he aver agt ~ r~ bah il~ ty of dete ct i n g each ~~ 15

- - 0.~~. As shown , a i i ve-~ 
a -ncl- .t - word would la o correctly r ec~ gnized less than

- 
‘ C~~~ of the t i~: e  while a~ e i g ht  — ner :e word m uLl be recogn ized a little l et  —

ter t han L~~ ~ —~~
‘ the t i~- .e, Such results ire . -f  c ~u r a e , very di sc ’ouraging ano

- ~ee~ 
- -~ r i t z -n r y  t~~ the ~ - i ’t t -h n t  Ia . ng~~~~

’ words s};ctild be -~a . re  ea sily r t s a n1~~ed

- 
- 

- 
by virtue ci- their adciit L ma-i redun Inncy. In or ler to improve word recogni-

t i on  rates , ~t is a . b ’.’ i : a t ~s that a i-w rd ~ a~~’ic  must be oap’ible of’ e~~1~ iting vo—
- -  cabulary redundancies.

The effect  of using such redundancy is shown by cc:is i~ ering t~~~~
- recog-

n i t  la - - n  rate ot the examj -le just descr ibed  when any one phonetic in the word is

- allowed to be a-~i ssing l’ron: tho  detec t e~ ~-Lo ne:nic s t r ing .  The middle dot ted

line in Figa-~re 
la) shows t hese I-c -3u lt s .  1 w , a fi e-~houe’ c wci- a.! ma. ~1d be r e—

- ca gnized better t h an  -) 
~~~- of ’ the t 1~ .t’ , while an eigh t -~ hor~-me word is recog-

nized better than ~~- -~~~ 
f the time . A f’ur ther  refine ment a. - f  this word reco~ n i-

‘, t ion tech nique would be ta. carry alcr.g with the recognitic,; indication the

- -
‘ nu mber of phonemes found to be missing.  This could be used aj par t of’ a zsea-

~~~~

‘ sure of recognit ion confidence or match quality. It might be argued tha t  ii’ a 
I 

a

a word in the vocabulary (word A) ha d a correct phonemic spelling identical to

,, - the word with a missing phoneme (‘s~ord B ) ,  then a multi~le recogniticn would

. 
- occur whenever the word “A” were spoken. This , nat urally, could be resolved

by noting that the word “B” has a ini i.sing phoneme and thus a lo~er match

qua lity. If the reverse occurred , i . e .,  word “B” were spoken and the phonemic
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oatega.ai-y di’ t t- a.’t a. ’i~ - I a .L  a - ic a.t a ’ I t - a.’ . gn i ~~~ a I -i: .’ ~o si a I ~. : t t  I t  1 t ’ a . , t i . a t ’.f a - i  —

I_ ia - i  - .- i I  I a t 11. ~, - i t  ~
‘A’ ~ I t . - t O t I I  j

~ ~t- 110 l a a .  a - i -~~C

a-, c J a . t  f u u ’t’ ~~~~ a-~1I  t’ ’ . a - . i l i . a ’a.t Va ’ C I I - V S\  t t

liii. it1~ I , a~~~~~ ti O .’a t , L i _ a~ .1 a- I 1 h _ - c. l a - a .  c j ’t  15  I a .  _ i l l a .  -S .al a-V l~-

pt ~a- o: - -e 11, t h e  w i t  a- ha ’ 1 a - O~~ t I i a ’~ t i ~ et l ’ ea . -L i a. t I h i _ a- ~~i a. - . t a - a - t~~ a. I a -  I t ’ , . - I a - I  —

t Ia - ‘a - l’ 31t ,  a- S P a .  511  I ii I ia - c  t a .  
~
‘ 1 l i i i’ a. 1 i a _ - S i c  .1 a. a- . I~- w , t h o  e ig ht  —

~ h~ i :a ~~ a- ia-I

i s  r,’oa. -g : 1 ._ a - ’ a.t -‘ ~- a - f  t a. - I  , i ? S  i, a. x’ ,i i a - a .  a l’ it a - a . ’ I a -  i’at c i a - a - a - _. I t a \, t ’~~. 
- SC ~, a i  t Pa -’ 

- a.~ I’.’ a. 1 i~~~ a- ’ a - a .  a-ti ! ‘a - ,  a 1es~ I -ci _ a - t a , - :t  t a ’ I I  a -a -’:’ a. ’s a - i .  I a -

.ho a.’a _ L t 0 - - a - V  SI I’ h g  a - a. c t  i
,

’ ‘a a ’, a - i  ‘a- a - a - n 1 a. t a.- a.’ha. s1 ’it I ) a -’ I - a- ~ j 1 a .  f V,O’.a- iS

t ’a~’ed i p -  it ‘ h a .  a - i ’ _ ‘ a 1a - a. ’ a - ’t -~ . ‘ a -he y a - a - ’~’ ~~ i:a -’ ta -u’ a- — a- - st itS i’a. - ’i l a . ”

1 . ‘,:a. - ‘.a- S W i  ~ I t e  ‘ - a-a-a.It’ a - ia - p ‘a- c
- a la- a- a. a-’ a- ’ a - a - I ’  a-a-t - ‘ Ii ‘~~‘I ’ a - i 10 t ) a - 0 a - Ia ’
t a - ’ a.~~~C a-i a- Pa. i i  a _ a .’ a-’it Cf,  i _a- S t  a - a - na-~~

‘
~ha-’ I i a - a - a - :~ ’ a a- I’ ta - a - I t’’~ - - a.~ t i’ . a -  ‘ ‘I I t a-~ ta - ia - a - i ~‘“-~ t a-a -
1 - !u- ia - ea - - .a ’ a-; w _  i i  t a -’ t -a - ’a-’ ’a - a -’al a - a - a - s t  e~t r a -’
a%~a- it a a - a .~a a- apa -a-I, i I ’, a a- ia - tl a- a- -~~,’a-’’- a - tt 15 f l

a-h’ a.’ a - s  la.’fl•

3. 0 ., ~ I a - ’ aa’ ~ 
,‘

~~
., ‘ ‘o I -u a-: I I he t a - a - a -a- t a t

I ha -- a-i a- -I ~a-t a- a-’ a-~ .5 I i ’ . t a - a .’ u a .  a- -

a - - t a - a - s i n g ,  I ’ ht a - a - a -a t  a - a - a -  i a - a .  1a ’~~ I ’ S

-s . Lihra -a-ry a-’’na-- t’L~,

‘the 1; L- i’ aa - - y I i ’ a _ i a -  - a - a -,; a-’a- na.’e~-t a- 0 pa. - a - a - a -- 1 a- ua - a- 1 ia - a - a - a -  h a - a - a -- l i t a - a . t  t~,’ RAi’\’ a- ’ 15 _‘ilhi el

i’.-v i d_ - s a-a- set a- I ’ a- ’X a - U ’ a -~ 1 e,a- ~a- a- c a - a  i’d  l a . i ’  e’a -a -a. h ia - i  a- ti’ a - a - a - a - a - I) ~a- , ,a - a _ a - a - a - a -i a - a - h  I -~~~ ,a-

a- -S I. ma- a -ca - I a _ S  l’a-itt a.~I a - e a . t .  Each a-,~~ a.’aL a 0 F  i a .~ - . a - i a . ;  i a - a - - a - C a .  O bl a S  Sri’ Ia -Ia_IS I ~ ‘I \’V ia . 1a -” a-i a-, ca’t 4-a-f

iihrat-v ~a-t - .~- -ie~ t’e I a- -i -c t u e  wa - -a - -a-I i a ’s’a . e i .  it  i l l  a- a- a - a-t O is m i t  ia -i t ea -j . ‘~h 1,5 t o  a-’hi’. a-

rca -t a- a-a- i’s th~ s~ ea-tker sa-- na-a- a - t a - v i ty  a- -f  t I a-e ~~~ ‘a- - , ni: ‘a-r.

The a--pt a- a-j a - na - a - a -  h er  a- - t~ i i t - a - - ,a-ry sa’t. tes required for each Va -a- a-’tl b t a - I  ary w a - -a - - a-I

~t . 
wa - a - ,, a-Ir a -I ei- a - a - a - i n e a - t  a-a- be t hi’ee by e a-’ r I r .a - a - l a - t  a- it a _ a - li itt RADC~ • i -h - r i ’ t han  t ha-’ t’t’ ii 1-1-ary

a. 
sam ples per w~aha-a-lary wa-s t- a-I do not a t-pear Ia.- increase the rea -’o a- a-,n i t i cn  rate by

any a~a-pi-ee i a-a-ta-la-’ a-:m-unt . Thi s m. rbe r  i s ,  a- - i ’ course a ta-ta -not ion a--a-i ’ pha. fla ’ a - a - t a-’

ea t e~ory lo~ i~ de’stgfl and thus any ma -a-ja.a-r changes in itS design would he ex-

~-e. ’ t a -’ .I t o  change the se re sult s.
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3.3 ~-~a - t t chin ~ A a- - a - a - i , : t a -’ S O t~~~ ,~~~1 ‘a-n a-I a~~ t a -

The ia - a - at ch i ng  a . f  tort a-- st- I anal l ibr a r y  m c t ’ i p a - P - , - a-a -a - a- a.s a. ’ U t ( ’ a C!”I s o - a - p o - i a -- a--s

is ca. :4 l a - c a - i t  c i  by the fact t ha _ a - there  arc c a - a -a - a - a _ a - li’,’ a a -  1 i ’a- ’ r a - inca -a -a-a- b eta - a -a - a - ei -, t h e t a - a - a . -

scquen cea- , . This i a - a -  sata -’,- a - s a - a - o l~. the ca-a-s e a - a - ha --n twa -a di f ferent w a - rca-a- a-a-re being

a-a-sa-tcta_c~t , h a - ’. al-ca-- 1’req’~ a-a- f l t  3 3- eca - -a - , r a - ;  ‘s~a - asa - a - the a-a--c a - ia - a -  i-a-’ a - a - a-~ r a - i t  a-. ‘ a - a - a -’ a) a - a - a - a - ’  the s a - a - a - a-- .

Variability in ~ a.’t ii  I ia - c i a - - a - a - a - a - a n  art a _ c - la-it a - a - - n  o,n a-1 Ca-h a- a - F r  Cilt  C~ era-It ~ C a - I  a - - i - a . a - i a -~~c~~

a-i ra-all ia-st 14”,nhfioar-a-t ct~ I’ a- ’e r or ,aa - ea - a - in t h e  Je t  Cot  ca- I phonem ic C a - a _ I  a-’ga -- a-’y seqa_ ieflc~a-

for t a - a - a --’ utterances of’ the  sara-c word eva-a-n when ct - a- ke n by the saia-a-e pc rz L a.
in nat o ing the pla - siiea - a - a - i c ca - 1tt - a - 1 : x ’y  sc qu enc’es , it has been found desira ble ta-s

first  match gross feitture s in the phonemi c cate gory sequ ence (vowel and l’i’t oa -

t ive  categ ories) and then a-ra -~ tch the f ine  detail between these ga - ’ cz a _;  1’h enor .ia--

f ’e - a - t a - a - r ec ,  tti t t a - L s  lr4n ner , general a-a- in i la ri t ies between the test Let d l ibrary
woi’dc nay be foa- ’nd u - i t h ~ -a-t in tert ’ere nce fi’s-ra- the n im ar  d~ ffe ren:ec be t a -a -oem a-. t a -~:

words .

‘rh o category seqa-a-cncc ratchi r~a- ala-~oa- ’i t Ia - ra - achieves  I ia - i a - a -  a - t a - h  a --ti a--c by

u t i l i z i ng  Qfl cbservcd general pho n emic st a - ’ucture of words . This general pho-
nenic st ructure  can he c!a -aract ea -iz ed by a sequence of vcwels and f r ica t ive s

int ers p ersed w i th  s t a --ps and r~~s~~i a - a - . a- .e . .  Va. a ” t -~~ t a - , a -~~ a-tad /or nasa ls-r r ic at ives—
stops and /or nasals , O l e .  In t,a-ra -a-c a-a-f ’ phonetnic categories used in the ~-~a-o-
nea-r,ic catc ga . ry recognizer , a wa--i’d a - - a -ny be desribed by the general sequence
si;a-a-wn ~a- c-la--w by ass a - a - a - :a - i r a -; t l a - a - a - t a - ia - c  sequ ence a-a- .ay be started and ended at any

point and that  eler a-ca-nt s Ia-a-ny i-c delete-i .

Specific I asal Spec i f ic
Vowel Vowel and/er Stop Fricative Fricative

(13),-~ (7 through l1), —~ (I~ through 6 ) , —) (‘i 1 4) ,  )  (1 through 3),4

!~asal Specific
and/or Stop Vowel Vowel and/or Stop

(~ ttwough 6~~, —3 (l3) ,  ) (7 through I I ) ,  > (~ through 6)  ‘~~~~~

—
—
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T ia - -a - s , f r exam ple , the a-:srd ‘ t i ’- - - ’  , w ) a -  i d a -  i a- a s a ni a -~ a - a - -a - a - ’ a - j  a-’ ca - t a - a- ’. r-y sequence

(i i )  (13 ) ( - a - , -7 ) ( 6 ) ,  a-’ , a - a - tc hes  the i(-’nca - ’a-a-l scq-~efl a- e be g inni a - a -a-a- at p_ m t  A and

a - l a -i in1; at a-. a-nt

The cate a-~ory a-a-eqa-.er .ce a-a- ,atc~a- i!a -a - ’ aJa-’a - a - r j t la - a - a -. uses r-a - lcc a-leri’.-’srI ~‘a-’a, ti t L ’

s t ru c tu ra l  cha:’actea- ’istics a - i ’ th i s genera], - -‘ a-a - ’- a- a-~- a - .  These i ’ a - a . ] e a - a -  ha-i c been

devised to force a match baa_it’d ria----o- Jy a-a. ,a - :a -  g ra- c a - a - l’eat a -a -res at’ the h ncr ,ic

category sequence. T l a - a - - a - a - a - a -  r-a-les Ia-ave 1- -en derived Ire::: the  :‘ol lowinJ Ca-a. fl

sid era t ’L on s.

During the ra--otc }a- ing  01’ eac h a- i a - enaa -r , - - cat ca -a - - ry in the l ibrary and test
‘ - word , the bhona --mic categories will either be the sara-c a--a-’ d ii ’ l ’cr snt . Ii’ they

are the same , a r:a -atch is considered a - - ado and the nea-ct pai r of pi a -~a - Ia - a -’ r a - c  cate-

gories in tha-’ test and library sequences is cora-~ ared . If the phone a-ic cate-

gories are dil’I’ercnt , then it ,::,a- st be assa-, ’a- .ed that  an extra ~a -u r a -cr: e h-as

occurred ira- a-itl.o r the test word or librar y word . The total number ca-I ey,tz’a

phonemes that must be na - isa -ira_ cd to c- :’a-~ le te  the a-c. l~d match is depe n de nt ut - un

the choice of w?-ez’e the extri~ nh ora - cr a -, e a -ccur i’ea- l— t ia -e test a--~ -rJ. or the libro -

wo rd.
To demonstrate t,la -i~ situat ion , consider the a- - a -~ 1 c ia _ a - n,; of the f. 11-a-a-a- - a- a- a- a-

sequences ;

librar:’ word

a. 
test w~srJ 

13_ 7___ l1 -l-l~ (note the missing L )

The 13 and 7 of both sequences wa..a - , ld be matched. To continue the a-catch ,

either the 4 in the l ibrary word or th e  14 in the test  yea--i must now be

assumed to he extra. If thc’ a- is called extra , the h a -  and 1 would be r.atched

leaving ~ total of one extra phoneme for the word sa-atch, If the 11+ in the

test word is called extra , then only the l’s could be matched leaving a total

of 3 extras for the final word match (h 1 a- , 14, Ia-). By consult ing the rre ’,- i a . s a - s -  a-

ly descr ibed general sequence , the choice of assumed ext ra librar y or test

phonemes which will produce a min ira -uri number of extra phonemes can he pre-

dicted . Examination of each possible combinat ion ol’ matches in the general

sequence provides this information. For example , in the genera]. sequence

shown below , a test word (14) matched In the position shown

‘1
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a.
~~~~

- -a-a-’

li t - i - a - a - ’ ,’ ~~i ) ( f_ 1 1~~( 1, ( a - ) ( . ) ( 1 . 3 ) ( ’ _ a - - ) ( h 3 ) ( ’,_ 1 l) ( i , _a- ) ( 1 1 i ’~ -

t a - u ; t  ( i  ~ ) ( , ‘ l ] . ) ’  ~a - )

t i - a - I  a- s a -a - a - a - a -’ a _ l il ’ ” a - a - , a - ’, a - a f  -xI  I - - . ( ‘ a - a - I a - ’ a- ” a - a -  ia -y a - a - a - ; a - a - a - ’ a - l a - a -~’ t l a . a - t t  [Lit uxi  a - a - a -  ~ i I t a - - a -

t ’  ) la - ta - a - a - a -’a- ’a - t a-’a- ’ a - a . t  i l l  1 i a - a - ’ I % a - : ’ : a - a -’y wa- a - r i  •

‘l ’ha - ’ a - _ a - a - ]  a - ’ : ,  i r a - a - a - I ’  I a - a -, ,  i r a- a-ti I ia - i’s - a- - a - a - a - j - a - a - a -’ i a - , a a -a - l a - a -vu t~c’a- ’i’ t a - a - l a - a - i a-I ‘- 1 Ia - a - a- - ‘a -

I a-—a- ( a  ‘a- a - a - t  I i . \  1 a a - ’  t a - _ a - a -’ in t i _ a - ’ a- - a - t t a - ’ a - -  a-’ a - a - a -- a - t a - a -  a-~ a a - a I  a-’ , a - .  a- ’) t a - a- a - a -  a - a _ I ,-. a - ’ i  ) a a - ’ a -  a - a - a - a - a t  I a - a - -

a - ;) a - . -w a - i  in ‘I’nt a-le 6. l-’ a-i’ ‘~t rla - a - a . a - a - a - a - I a - i  a- a - n a -  a- a - a - l i  a- a - I  to~~t Wa- a-’ .l a - u t - I I [ a - a - I ’ a - l I  a ’ m a - i a - I  t ~a - a - a - a - r ’. i a- ’ -

a- ’R t  (‘ a- ’ I’v a- a - a - ia - a-a-i a- - a- II l .a - a - a - a - a - ’) I a ’a - i  i a - a -  I a - a - - l i  a- ’ - a -  I a - a - !  • a-i - a - - i a - a - a - - i a -, (l a-c I a -  a - a - ’  a -b ’ I  -‘ a - l i  a - - l i l a - a- a - I

l a - a - ’ ; ‘n’’i’ a-a-J - a - a -’ - t a - a - -  a - a - - I - a - a -  , I • . , a - ;~ -a ’ - ’ a- Vt a - a - I ’r a- ’:,! 1-.’a - — (~~
_ - , , ) a- a- a - p  a - a - ’ ; i / a  - a- ’ a - a - a - a - a - a - i

( I a - , - a- , a- ) a - a - na - i  a - a - a- a- a - c a - f a -  u v s  ,~ ‘I ( i ’ .V , a- • .1 - a-~ ~. 1), Ia - ,  a - a - a - a - t c i a - c a . l  I a-a- a- :a -a -.t a-a-’ a-~~ - ‘  a - a -  a- a - I  1110 
-

‘ a l ha-  ~I a - t a - ’ a- a - a - a- a- a - - a - ! ‘ a - a- i a - I a - . . -

~ .•• a - a - I I’ l l -~~~t h i  a -j
~

a-a -I ci n a - a - s i a - ru  ia-fly ea. a - a - i a - I a - a - a - a - !  I a. a a - a -  a - a - f 7. ~a- . - a- , j a -  a a - ca -- I  11. a a - a - ’  1a - , - . a - a - a - a - a - I  i -  a - a - ’  - 
-
.

1, a - - , and -1 i n an a - a - ’ a - i a - i ’a. a- l-a - -n a - a - a - - p : r l 1 a ’a-~’. ‘the i a - a - I a - ’ a - a - t  a - c a - a -  a- a -f ( l a - a ’  a - a - I r a - a - a - a - a -  I - - a - a - I  I a - a - c I s — a- ’

a-a- SVS I ( ‘ a - a - a - ta-  i a ’~~~l I V  I’i f l tj  ( I a - C l a - - t x  a- a - a - a - a - a - a - a -  i a - a - a - : ’, I a - a - - r  a- V ) a - a - a - a - ’ Ia- ’ : ; l  a- a - a’ a - t l  a- ’a- ’ a - a - \ a -  r o t a -  a- si i a - a -  t ia - a -a - a -

can be a - a - a - a l a - ’  oa - a - i a - ’ l y w i t  l a - i  a - a - I - Ia -c  a - a - I r a - a - a - a - a - .  i i a -  i a - a -  ~a - a -’a. -a - ’ a ’ a - a - a - ;  is  a - a - a -’ca- a - a - a - a - p J .  a - c i a - e a t  I a - a -a- ’ :a- t a - a - a - t  —

‘ 
i a - a - Ia -  a - a - I .  (ha-c a - -a - a - I ol ’ t a - n ’ a - a - I  r a - a - a - ;  a - a -a - i d I: .‘ I a - a - a- -a- I a t a - a - ta - a-I the h- ’j ’a - a - ia - . a _ I a -a - a -  a- - I’ (-in’ a - a - t i— a - a - a - ,;

I i -  -a - a - I  - t ’ i I i , -  a - a - a -a - a - ’ i ) ,  a- a - a - a- , a- a - a - i; a-a-i l t a - a- - a - a -  i t - l a -’  a - ; a - a - a .~ a- ’ha - ’a -  a - a - a - i t .  ii a - a - fl ext  l’ a - a - t a - l a -  a - l a - ’ ! ’a - a -’ 15

en. ’ - a - a - I  ‘ a - r a t .  A l ]  a - . : a - !  a l a - a - a- ( a - t h i a - a -  h a -a- ’ i a - a - ( . a - a - a - ’-’  i’ a -’ a -’a- a - r d a - ’a - t .  l i e  a-a-a-at c I t i ng  next i’a- a-

a ’,’e:l:a- t o I a - a - I - a- - a- - a - a - i  - - a - ( l a-a -’ J I i ~a- a - l a - a -  a - a - a t  l a - a - a - a - a -— a - ;  I - - a - a - a - a - a - a l  t h e  ( - I t - I  a - a - i’ (-ta-c :a-tr h a -f , .
a l,~- a - a - a -  a - a - , ‘- a _ a - - I. ! a - a - a - - a - a - - i a - a - I I a - a - j t a - - a - ;  I. a-- a-a-a- ca -I ia -I a-’ a- ag I:~ a- ’a- ’a - ’ a - j :u ra l  a-n i l  ha - a -’ a - a - ’h j a - i a - a -- l a - a - - a - : u  i i i

I a - a -’ lii- ,  a - a - - a -,’ a-a- , a - a - - a-~ a - a - I  a - - a - a - a -a-~ . lila - a - - i , isa-t i a-— la - c a - ;  a - a - a - ’e a - a -’a-a-dc a- I I a - a -_’ ~- I a - a - - a - a - a -’r a - a - ’ a - a -  i a - a -  q a - i ( - _ : I a - a  a - a - a - a - ru

ma-a-a-Ic ta-na -iva-tilia -bie a-u’ i a-i t rites with -I I a - a - ’r a - a - n ra - a - a - t - a -’ht’d i - ) ; -  la -~~ a - a - ’ a -a - .  A ft ei’  a -U I r a t  a- _ t a - a - _ a -

are ra- a - a- a. k’ , a- ’ a - a .~~~’s l t a - a - l ,a - a -a - ;a - a - a - l a - r i  w a- ’ ’a - t  a-a-a - a - itel a - ea - t ; - a - a - a -  n a - a -  a-a -r e a - a - a -- I ra - I . I I’ a-a-ny a - -a -’a’a - a - a - ’ , a

ta -~ a-a-a, 1tY ia-)a-pl ted to the mat - a - a -h in t Ia-e form ci’ a- a -a - a -c a- n’j-;at-i v a -a - a-na-itch • Titus , in

l a - a - ’ t ’a a - i l a a -W ha-,’, exa-ua-’,ple . t ta - a - -va -’ a- a- rc a - a t a - - i  a-a-i a- - I ’ I ’a- a- i’ ‘ a - t a -  a- ’i a - ’ a( a ’t ( t  a- ’ , a . a - ’  i c ’a- a -  ia-nd twa-a-

extra a- a - a - I a- - a - a - - r h ’ a - a -,

lila-ca-ivy word a -a -a - t n a - t a - ;  8 11 8 - )  7 8
i t  ~~~~~~~~~~~~

t e n t -  word a-; t -r I l a - a - ;  8 ii a- ) 10 8 i
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As shown , there are 14 natcta-ts but the crossover of 1inkagc~ reduces the t a- :a -a -t ctz

coa-a-.it by one. A ra--a- a-a-x l a-r.a - a - a - ’a - of one negative icatch is given even when more th a -a -n

one era- a- a- a - s linkage oC C a-a - a - ’a-

3 , 5  Ma - a - d t f ’a - a -’tt t ion t o  ~ a- a - ’ in~~~R~a - a - a - t - i n i ’  When a Nasal is Present

Software work was also dircct-a-.’d toward the ellinInat ion of word errors

that occur whea a-a- spoken nasal is detected ia- a- ritla-er tho lIbrary word or test

word but na--it both. t ind er the~ c conditions , the word log ic frequentl y produces

an incorrect word decis ion  because the matching of cross features is disrupted  
- 

-

and proa-Ia--cos very Po~z n-.atching scores. The eff’eet of this ir-oblem was ye— 
- 

- -

d iced by assuming that a nasal. could be m a- ssing if a nasal occurred In e i t a - a- e r

the ‘cst or library wora-1 a-a-nd not the other. Thus , as a special case , an ex- - -

ception is made to the definition of vowel strings (combinations of 7, 8 , 9,
10 or U) when a 13, (a- -13 or 6-5-13 occurs within a sequence of vowels. For

cxaa-a-a-ple, the category sequences 9-10-6-1~ -7-8, 9-l0-~~-7-8 and a-)-l (-a-~~ -5-~~~-’a- ’ -8
are considered to be ca~’nt1nuous vowel strings . String matching u nder these

conditions is a-.a-ade as in a string match , but the .,a-ccrira-g is different. Exta--a -

1’~’r a - a -vp not a-”oa -a-nted ha-it extra b’s a-a-n d ‘‘ s are ~ountcd. For exana-ple,

~ ~~~~~~~~~~~~~~ 14 matches

9 8 13 -) 
~ 5 matches

8 6 N13N~N,7 1 extra nasa-il (6)

9 8 U 7 l4 ma tches a- ,

9 8 6 
‘ 

ffF Tii” ‘ia- 2 extra nasals (5, 6)

8 ~~~~~~~~~~~~~~~~~ 
)~ matches a

9 6 13 7 ii. 1 extra nasal (6)
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3.6 Ma-a-tc ’h Qual i ty  C a - i cu l a - u t - lon

A match using the t echn iques  dea-cr ibcd in h a - u  i’z’ecedir .1: a - a - e c t i -  a - a -— i .a-

made between a test word and a-a-very word in the training library . The a-’:a-th”.

qun.iity for each word is calculated azid the final ra -’c a . - a -;n i tlon  ch~~iCe is 51U~~~

by selecting the library won t with the best a - a - a - a - a - te h a- ca-a-re. The calct,’!uti a- a-;

the match q :a-a -~lity  or uQ~a- j a -~ pu ; ’fa -rmed by di vidir .g  the n a -a - a - a - a - t a - e r ol’ extra ca-a-i a-c -

gor ies by t~.e nova-her of ia - a - a-t ch ca tegor ies  f o r  cacti liba- ary word. Two ~a- ” a- -j a - a-~j a - a - a - a - a -

to this basi ~ routine ~
‘or calculating Q hav’~ been tr ’ c- . • The f irs a- . ra - a --t t a - - a-i

weighted by the rela-utively ta -r eater imp ort ata -ca -’ ef the ec-ia -r -on ant cu t ch or i e s

(1, 2 a- 3, te a- 5 and 6) and the gena-a-rra-l fricative arid vowel ca - ‘ a-a -t ’~-l ’ ies  ~13 a-ca - i

114). Addit ional  wei ght is applia-’d to t l a . a - ;n e  eat a -’a - ;ux’ics by ca-a-a-lt i~ ly ia -~; the

a- appr ot a-r iate extra category count by t wa - - . ‘rh ’ a-a - a - tlue ut ’ ~, IS gi\’e a-a- lay 1,1w

following eqnation.

2(E 1 i- E,,, + r’14 E a-a- + E6 
+ E11 ) + a- 1”~ + 

~~~~

a- - 
a-
~ • ‘a -  a-111 

a- t a .  13 
a-

I
where E1 

a-a- ext ra catei~ory ~L

E -a- extra a-uta-a-goz’y
2

etc.

= matched c~a- tegua- ’y 1

l.l~ = matched ca-a -t ca- ;ory j

etc.

The second match scca-r ir .g r -a-ctho d makes use 01’ the data ebtained 1’r~ a-a- th e

phonemic category error analysi.. Weights a-a-re given to extra and matched

categories accordinG to their probability of detection and nun-detection.

The equatia-n for this metla-c’d of a-a-coring is given by:

2(E1 
+ + + F-14 ~ F.6) +14 (E13 + E~5 )  4 E ,. P.7 + F-8 4 4 E~0 +

14(~~~) +~~~~~~~ + M  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4
~~~~3

#
~~~ 14
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“a’

The categor; ‘sequence word recognition software written fur the prugra’:a- can a-

- I provide as a opt ion e~ t la -e a - ’ of those t w a - -  form s ( a f  Q calculation.

‘I
3.7 - Sof ~ wrta -’e O t a - t t c r a .s -

~ 
‘I-

Five b.isic ra-’a- a-~a-’wu options are prov-ided for in the za-ca-ftvare. These - 
-
~~~

options are :

1. Two different methods of calculating “Qa- ’ . - 
-

2. Ad~ustable limits of Q values for acceptable 
-
~ -

recocoit ion. a- -

3. A library eva--.luate r~~a-t in e  in which each 
-

1ibrar~ wo~d is tested against every other -
-

word in the library t o  determine the quali ty 
- 

‘
.4

of the )ibi-ary sa’a-a-p ies .
r

14. A tabulate routine that l ists the total nun- -

he r of matches and d e l -t i on s  for each pho- ). 
-~~

nemic catogury wh ich  occurred during the -

a- 
t est ira -a-~ of ’ a series i f  ~s-rds. 

- 
-
a-

- a

5. A j ) Ja - na- - r r , ic catego ry ca-a-a-ibiner routia -a-e to re-
duce the t~ ta-al a-’ ia - ’a - a-~~~a-’ ,-,f’ ,,- a- ,a. ~~i ~~~‘ - - -

Table 7 shows the methods a-- i’ cailuia-~a-’ fcr  each option via cent ut er  hardware -

sense switches and data wa-i rds . Sense switc i a -  1 is used to continue or Stop the
program as desired. Sense switch 2 is used ta- a- control the number el’ wordo 

-

printed out after  each reeo~~a-i t ion a-t a-a-tempt . Posi t ion 3. pr~ntz out the ta- a-rue

libra-.ry words which ha-t a the hig hest  Q values , whereas pos it i on  prints out

..n)y the first choice word . Sense a - w tch 3 is used to chance the values of

:a-flELTAn and “T f f ~E2H” . These two dat a wa- ra-Is provide a method to reject recc’gni-

• tions which have excessivcly poor (large) a-~ values or rec gn iti -on whose Q

a - a -  - values are too elo~ e to each other. Position 1 of the sence switch 3 is used -

for continua-ed use of’ TI~~E3H and DEL’ A values , while position i used to

change these values. When all library matches exceed either of the se two
limits during the matching of a test word , the word ‘a-F -b? ” is printed out.

Data word “CO?fl’ROL’ is used to chaa-igc se’~eral program options . The

first of these is called “ old” and “ new ” . The old o i - t t a - -n uses the f i r s t

35 
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WORD — 5 -)  FAa - a - a -a- a - ‘a - a-) , i a - a -  - ‘ ‘ a - a - a - l i ’  a- a- W a -  a - l i l a - _ U I  Q - 
- 

a- 3 ‘ ‘ a - a-’

a--a-a- ND a- - a - FALSE U, a- ’.-$$ ~ ‘ O a - l )  a- ;~ , ‘ ira -w i

l14 O l 3 la- a- ) 1 4 1 i~ l 3 L a - 0 L 3 5 1 3 ’f la- ’ 1 3 i

WORD a -314 FALa-a-S U, 0, ) a - ) a - ) a -a- WORD - 35 La-X ICAL a-a- -a- a-a- .3t Ia - -
WORD = 5 - a -  FALSE 4 — a-).la - - t a- a--a - a- a - 1-~~

) a-a -la-a- 1a -a -a -i1CAL 4 a- 0 0 - a- a- a- a -)

WOR D a - a-) FALSE 4 a-).-3” 3 Wa-’a--ID a- (- a- ) La- a - a - I C/a - la  -Q =

Wa-a-RD a- 314 FALSE 4 — O. a -’)Ckla-) 1/051) a -3’
a- la - O3 IC A L Q a- a-) . ‘)ja-a-~~a--

• WORD a- 5a-)  FALSE Q = O.lOa -~’/ W a - a -a-i) a -10 LYJI cAL Q a -C’.a -a- a -a-~’ a-

Wa-RD a - a-) FAI.$E 4 .a -0,3333 Wa-a -R i) a -14~ RE’iliHil 4 ~‘

114 oa- 13 2,0 ‘1 114 1 1,’ 13 10 a-~ ~ 5 )a-3 3 ‘4 13 a-) ia- a -‘7 12

WoRD - 5° FALSE 4 - 0.000 -) WORD a -10 L(XIICAL 4 a -0.7778

WORD a- 314 FALSE 4 a -O.1(o7 WORD • 3”a- L)XII CAL 4 a-

WORD L) FALSE 4 a -0.5 ‘Wa- a- a - WORD CII’ L0a-a-ICAL 4 a-

WORD a -5’) FALSE 4 a -0.0000 WOE’a-) a-a- 3” L(A)ICAL 4 0. 7a-’a-,)~a-
WORD a -3?a- FALSE 4 a -0.1667 Wa-a-RD a-, 10’ LCCICAL 4 a -0.77713

~‘ WORD = 9 FALSE 4 ‘a- 0.5000 WORD p8 COla-WARE 4 •
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Table 1’) (Cori tir a-ued) a-

F~~~ R COMMA - .

114 13 11 1 0 9 8 1 2  ‘ 4 1 3 9 8 1 1 5 12

WORD -a- 36 F01a-a-R Q=O .5000 W ORD 37 C0a--2’IA Q a - l . -1’-)0a-)

WORD -a- 1], FaIR 4 0.5)03 WORD = 57 DIVIDE 4 - 1 .5 a - O I a -  
a-

WORD a- 2 0-NE 4= 1.0 0 0 0  WORD a--a- 6? coa -a- -~-~A 4 = 1 .5 1) )  a-

WORD a- 36 FCUR 4=0 ,5 1) 03  WORD = 37 CC~~1A Q a -~~~a-- . ”S ’)
WORD a - ONE a-~~~~l.2OO0 ~ u~W a- 62 C01-i1a-ik Q ’ - i . a - D a - - )  ,a-

WORD - 11 FCUR 4 -  1.25-Ia- a-) WORE = 52 ONE Q = l . 5 1 a - C ’0 a - -

114 2 13 10 9 8 12 14 13 9 11 8 6 13 ‘
a-) 11

WORD a -(a-i Fa;R 4 a-a- 0.140)3 Wa-a-RD a -1, ’ CO?-~a-1A Q a -o , i a -, . a- -

WORD a -- 36 FOUR 4 a -0.75)) 1/Ca-Ba-a- a- 53 COMPARE Q
WORD a -73 FIVE 4 a -J .a-s ’Wa- a- WI’5!) ‘a -R CCa-MP.’tRE (a- a - i .a - a - a-

~~

WORD a -6ia- FOUR (a- a -0,14 ” a-a-a- WORD a- ia-’ Cua --ThIA 4 a -C ’.’ 
-

W ORD 36 FOUR 4 a -0.’7 a - a-7 Wa -a-RD = 3. ’ DIVIDE Ca- =
W ORD a -73 FIVE 4 = l .8a-’)a-) WORD - 37 Ca-a-a- -La--lA Q i. ” a - I a - ,)

114 2 13 li l a -a- h a -  12 1 4 1 3 8 9 1 1 6 13 ‘ 1 .

WORD = 61 }‘a-)IJ R Q 0.60a-a-O WORD = ia-C CC~-2-lA 4 = -0 .11.. .; 
- a

WORD = %FCVR (a- i.C a-) ),) WORD a- 53 CC~~PAR E 4 = 0 . 3 3 1 3
WORD = 1.1 FOUR 4 = 1.25a-)O WORD a -3 COMa -a-ARE 4 = l .€ a- a-, (

WORD a -a-a-a-a-i FOUR 4 a-a -0.6I’1 )a-) WORD a -la-- CU-a-MA Q Ca-.1X) a-
a- a- 

‘ a-

WORD = 36 FCIJR 4=1.00)0 WORD a-a- (a -2 Ca-IZ-2-IA Q = l . : 3a -)a-) -
-

WCRD a-, 11 FOUR 9 a -1.7503 WORD -a -31’ DiVIDE 4 a -1.25)0

1 1 4 2 1 3 9 1 0 1 1 8 1 2  1 4 1 3 9 6 1 3 0 10 12

WORD a -61 FQJR 9 a -o.6c’o:’ WORD a- 12 COMMA 4 = 0,333~
WORD a -73 FIVE 9 - 1.0000 WORD a- 53 CCE’PARE 4 a-a -1.101 ”)  

a-,,
’

a- 
WORD = ‘40 FIVE 4 a -1 ,3333 WORD a -28 cola-a-rARE q = 1.. 3 5’

WORD a -61 F OU R 9 a -o.6ooo WORD a -12 COla-a-la-IA 4 a -3.: :a-
-
. ’

WORD a -73 FIVE 4 a -1.3333 WOR D a-a- 5 ZER O 9 a -1.11,
WORD = ‘48 ~~~ 9 a -1.6667 WORD a- 37 Caa-~4A 9 a - 1.5a -V’a-) a-
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L l 3 (l ’ a- ’ 1 4 l ’ 4 2 14 1  & 1 3 8 j ’ l .

WORD 13 TAKE a-a- = O. ’~ a - - ’ WORD a- a l a -  l a - I a - a - K  4 a- 0.’a- ~~~ a-’)

Wa- SD -a - 3)  TAKE 4 a-a -a-a-a- S - a-,a -5 ’a- ’ WORD a -a- Ia - Ia -a-Fl a - a - a- a- a - a - a - a-~
Wa-a- }a-J ) -a- € ‘ -i ‘ia-AKL 4 ‘a -0., Sa-, a- a- ’ W a-R I ’ )  ~ a- N IN E a-a- a -1.000”’

WORD a -13 TAKE Q = 0. 5’’ , ‘a-I a- a - a -a - )  a-a- ia-i T a ::a - -a - 4 a-— 0 .,  a - a - - a - a -’
Ia -a- ia- I )  - 35 TAKE Q a -0. 11 1 ’ 1/a-CPa-i) ~ ) 101115 a-a- — a- a- . , a - a - a -a - (
Wa -RD a-, 3 TAKE 4, a- ’ . , 0- a- ’: Wa- -ia -fl  -‘ ( a - I a- a - a - i a- .a -a- 4 -a- a -a- . ~~ ,

- 1 4 13 8 1  14 ] , ’ 4 a - ’ 4j a -’ (~~~i3 0- - ) 6 7 a - a - 10

- WORD - .13 TAKE 4 a -0., b a - a - a-
’ WORD a- a- a-a- Ni10E Q ‘a- 0 . a -a- a- a - a - a -a- a-

Wa--Ri) ~a- 3 4 a-a -0 ’,  (a - ’ ) )  h a - a -  w j : , I a - i a - a - 1 a - a -  ~, a- .,a- ‘a - a -
- WORD (a-3 lAKE Q a - I ’ . 55 ,’ WOB]) $ ) I I I W E

a- a-
- WORD a -13 TAKE 4, a - 0 . a - a - N a - ,a- ’a- ’ Wa- RD - a - S  NIN E 4, a-a-

WORD a- 3s TAKE 4, = O . : - 0 a - S a -,’ WORD = la- a- 10110E 4, - 0.1111
- a -63 TAKE 4, a -0. 0 1 0 /  Wa- -RD ~~~

) ta - la - a - K —

1 4 1 3 8 7 1 4 11a- 1:a- (a- l 3 8 0 8 7 h ,

- 
WORD a -13 TAKE 4, - a-) .3~~3 WORD = 114 r:iia-’a-,- 4 a -O.a-’a-a- a- a- a-)

- WORD -a- 38 TAKE 4, - O.3 ,’a- $3  a- :oa - a -n - ( S  101101/ (a- a-

- WORD a-- 63 TAKE 4, a -O.’~~l$ ta-a- I a - I a -  a- 3-) I-a-Ia -a-K 4, a-a-

- 

WORD a -13 TAKE Q a’ O.33’a-3 WORD a-, i a - a - ia-I~p Q 0 . a-\’a- “ l a-

- Wa-a-RD a -38 TAK’~ 4, = 0-3331 WORD 0!, ?IhT a -T~ 4, a -0.111 1
Wa- i- a - I) a -(3 “a-’a-.KE 4, a - a - a -. 333 3 1/Ia-RD a -3 ’) a-lI la -K 4, a-

14 1 3 8 7 1 4 1 1 4 2 1: l 3 7 9 8 7 1 0 1a-a-

— WORD a -13 TAKE 4 = o .C ’oa-a-o WORD — 3) :ER a-a- 4 a-
‘ WORD a -38 a-j’~.J~~ 4, 

a -0.0003 Wa- a - - a -P — ‘-5 :‘a-’ia-a-a- Q a-~a- , $a-\\a-
WORD a -63 TAKE Q a - O.O a -’Oa-’ WORD a -6 t-L1I~~La- 4, a- l . a - - a- a- la-a-

WORD -a- 13 TAKE 4, 0.0000 W ORD = 3’ RO Q = a -) , a-a -0a -Y )
a- : WORD a -38 TAKE 4, ~ - 0.0 1’,’,) WORD a -55 ZERO 4, a -0a - 3 ) a - l a - a -)

• WORD - 63 TAKE 4, = 0.030.) WORD a -2 INE 4, a - 1 . , a - a - a -a-3
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Table 13 (Cca-ntthued)

ASSIGN OPTIONS -

• 13 11 7 la-a- 1 13 8 9 8 7 12 14 13 8 9 Ia - 114 a - a - 13 8 ii. 114 1).’-

WORD = 140 ASa-3IGN 4, a-a - 0,8750 I/a- RD a -66 OPTioNS 4, = 0.3333
WO RD a -15 ASSIGN 4, a-a- 0.11429 WORI) = ta-i oPTION S 4 a - Q,- a -a- a- a - )

a -72 II~ 1j T 4, = 2.3333 WO RD a-’ 13 TAKE Q - i.((-3” -

.

WORD = 14o ASSIGN 4, a -0.7501 I WOR D a -66 orr ica-a-s a -0 .: 5 a - a - ’a- ‘

WORD a -la -a - AS$IGN Q = 1.0000 W Pa-) a -a-a-i (l’110100 4 = 0.71)00 ‘ a-
WORD a-a- 7~~

a- Il :1a-’a - T  Q a -2.3333 Wa -a -R D a -13 TAKE 4 a-- .:~3’a- 3 
-

a-,

13 7 la-a- 1 13 9 8 7 ir a - I a- 13 8 11) Ia- ia-a- 2 13 8 ii 6 la-a - 1 1,:

WORD ‘a -15 ASSIGN Q a -0,5020 Wa- ’a-D a -66 Ca-PTIC’It5 4, a -0.3333
WI-R D a- ‘43 ?a - OO ja -a-’,ia - 4 a -‘ - .6. a - )  Wohi) a- a-a-J , uC’i’Ia-) :2 ,J a-’ 0. a - ’
WORD a -72 ~ Ni”a - T  Q a-a- a - ’ . a-)OOO WORD a-a -)j ca-PTION S l .(6(7

WORD a- 15 A2 ,3IGN 4, a-a- 0 , )71 a - ” Wa- RD a -66 a- -P r Ia - 100  4, a-. O.a -667
WORD a -14o ASSIGN 4 a-- a-a- a- . 5 0) a -  a--,’~ -:-a-p a -a-a-i (‘ l a - T T a - : S 4 a -Ca-.6 155
WOR D a -72 INF~JT 4, a - 2 .a -’a-a- a-C’a-a- Wa - Ri) = :0 RFTORU 4 = 1.7)01’)

13 7 114 1 13 9 8 7 10 ( I a - 5 13 a-? 14 114 a-’ 13 11 10 1]. 6 1a-4 1 12

a-. Wofli) a - ‘4o ASSIGN 4, 
a -O, -0\a- a - a - a - -1a - D - (a-C a- PT 1a-N S 4, a- O .i5~ 8

‘N WORD a-’ 15 ASSIGN 4, a -(‘.3333 Wa-RD a-a- 141 CP’TICa -a-S 4, a -o.14i(-,
WORD a -‘45 ~~~~~~ 4, = 1.6667 WORD a-a -~L- L-P1’Ia-a- ai iS 4 = 1.001)0

WORD a -140 ASSIGN 4, a -0.1538 WORD a -66 oi’ria;s 4, a -0.1:50 
a-WORD = 15 ASSIGN 4, = 0.2500 WORD a -a-a-i U’rIONS 4, a-’ 0. a-~~b1

WORD = la -S RETURN 4, 
a -1.3333 WORD a-- Ia-5 RETURN 4, 1.701)3

13 10 lEa- 1 13 ~ 8 1 0  f l . 8 7 i 0 ],r ‘413 8 13 ’4 114 2 13 8 10 11 6 1’4 l ir

WORD a -140 ASSIGN 4, 1.1250 WORD a -10 LQa-)ICAL 4, a- - 3.6667
WORD a -15 ASSIQN 4, = l.’42~~ W ORD a -16 OP1’IC-NS Q = la- .14&7
WORD a -50 FOI~TRAN 4, ‘a -a - a - .  5000 WORD 35 L00IC AL a -~~~~~~~~~~~~~ a- -

WORD a -14o ASSIGN 4, = i.oooo woi~ a -66 OPTION S 4, a -0.1253 
a
-

WORD a -15 ASSIGN 4, = 1.2857 WORD a -‘41 Ca- PTION3 4, = o. Ia- ,a-% - -

WORD a -50 FORTRAN 4, a -3.1667 WORD a -‘45 RET1R!~ 4, - 
1.3636 
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‘a- ’ - x ___

• “a- - 
a
-

114 1 1 3 9 8  ‘ 4 1 1 4 1 12 l l a - 1 13 11 10 5 7 l O ~~~7 ! a - Ita - 2 1 :

Wa - RD a -17 SIX a- 0.15 . a- a-a-a- a - R D  = 18 r-ia-i~s:~ a- a-  l a - ( a - a - - 1 a -i
’

Wa-RD = 67 SIX a- 0.15 - a - i ’la -Pa-i) a-’ ‘43 3IJa-a-Ri 0.3077
Wa- RD - 14~.- SIX 4, 

a -O. a-a- a - a -a-) Wa - -RD a -68 3Ia-i1.~a - i !  4, = 0.14000

WORD a-- 17 SIX 4, 
a -0.15. Wa -RD a- 10 0 1_a-A r ,: 0 a-

-a -67 CIX 4, 0. 1 0 a- ’
~
’

a- i -1D a-a- 53 SLASR 4 a- 0.3017
Wa- RD a-a -5: SIX 4, a -0. ’,- C a - ’ -- U~ h0 ( 0  ~ la-,-a-,:0: 4, -

a- 114 1 13 8 ‘1’ a-a- iS 1 1. 10 1 13 1 1  52 10 n i S  2 1’

- ia-a-Cia -I) -‘ 17 31X Q a-a- a-), !, a- W a - R D a - 4

WORD a -14 2  SJ Y 4, a -~.i5. a- a- l a- RD a -ta- S SLXl0-~ 4, =

WORD a -E’~ SIX 4, a-a- 3.114, a- Wa - RD = 73 FIVE 4, a- l.a- -a-G a-C- a-a-a-

WORD a-a- 17 110X 4, 
a --0.15 - a -58 Fi ’,’i a- a- 0 . 5 / - )

WORD a- ~,? OIX - - 0.15 ) W , 1 12a- -a - a - a -  1. -~~
’a- ‘a-

a- t i  SIX 4, a -0,15, - a- W a - RI )  a-a- 73 Fl”a-”E a-a- ‘a- 1. a - 2 a -’a-

ia-a - 1 13 a-) ~‘ Ia- 114 1 la-a- la-a- 1 13 1 a- a- a-a- 1 a- 11 ‘a- a -0 ia-a- a-” 1’

WCRD a- 17 SIX 11) = 0.15 . 1 WOR D a- 68 SIa-A3 2 4, a-
- WORD a -67 SIX 4 = 0 . 1 5 : ’) Wa - a -RD a-a-

WORD a- 142 SIX 4, a -O,50O~ W a - l I D  3 FIVF a-. a -‘.~~~~~
‘ ‘0

- WORD = 17 SIX 4, a -0.114. a- W a - R i )  a- ( 0  31a-’a-- ’ -i a-a- a -o., ~ a - a-
-

. a- WORD a- 67 SL~ 4, a -0.11a-,”) a-a- c ia-J a- i~l 3I~a-A, ” a-) o. a- a- ’Oa-a- a-
WORD a -‘4a-a- SIX 4, = 0.5000 WORD a -,,3 FIVi 4, a-a- 0.1a- ,~,’),)

,~~,
- 14 ia-a- 1 13 8 Ia- lIe 1 12 114 1 13 11 10 8 ’( i 0 ’ 7 1 a - l14 ,’ i ::

‘
~~~a- WORD = 17 OIX 4, a -0.2857 Wa - RD a -18 SLA SH 4, a-

WORD a -67 SIX 4, ‘a- 0.235 1’ WoRD a -68 SLASH 4, a -0.3000
a- 

W ORD a -142 SIX 4, a -0.6667 WCRD a -143 SLAJR 4, a -0.03614

WC~D 17 SIX 4, = 0.2857 ~~~~ a -18 SLASh 4, a -0.2727
WORD a -67 SIX 4, 0.2857 WORD a -68 SLASH 4, a -0.3000

- a W0~D - 142 six Q = 0.6667 WORD a -‘43 SLASH Q a -0.63614
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Table 10 (Ca--ntinue~) “-
a-a-
: —

Fa-IGliT RETOIa-ia-

1 3 7 1 a - lt a - o 1 : -  1 3 8 7 1 4 1 3 8 10 11 12

a- 
- WORD I a - I EIGh T = 0. 1a- Ca- DO WOR D a-a- 1a-5 REra-’RIa- Q a -0., 5:a- ”) :~

-
~

WO RD a-- C” ' ~ic’:’-- Q a - ( . . L~~a-’\a-a- W ORD a- a--fl RETa-~R~ 4, a- 0. a-~71’4
WORD 1) EIG!~T 4, a-a- 0 .50,0  Wa-OlD a - -) a--’QWAL Q a -o.5”'a-o

WORD a-a -- la- Ia- EIGHT 4, a -a-) .,~ 000 W ”RD - ‘ la -5 1a - ’a- ’l’CR’l Q a-a -0 .i , ”~”
a- , Wa-~

a--a-fl -‘ 69 ~TGRT -.~ 
a -c.a- a-- : 0) WORD a- 2-0 R E I RN 4, a -0.14: a-k’

W a-ia- ta- la-i EICa-~T a- 0.5 a--Or) ta-ORD a - 7 a -  j~ w~i: a -o.6~67 a- -2 ’

1 3 3 7 1 4 i ’ 4 i i:- 1 3 1 1 3 7 1 4 1 3 8 1 1 1, ‘ ‘
-~
‘

Ia-a-a-3d) ‘a- 1’) El a -W Ra- 4, a-’ 0 . / a -a - C O  a- a- ’ -~~ ~a- ‘a - ) RE’l’I RO U a -(‘) “ ‘a-a- ’
~~~a- • a- ’

WORD a- 17 a-a-IX 4, a -1.00 a-) Wa- RD a-a- 70 RETU RN 4, =

WORD a-a- 4, 
a -1. tOa -~ )C) Ia-’a-a -d ) a- 145 RETI’RN 4, a -a-’) . 2/1~a-

— 4-

Wa-a-a-RD a-a- 1-) EIGil’r 4, a -o.y,a- a-o a-a-/ lID a- 20 RETURN 4, = 0.1, ‘a - a -, -
-

WOR D a -a-o !aN’a - a - 3  4,, a-a- 1.0200 Wa -Ill ) a -70 RETURN 4, a -0 ..- a- ’

WORD - 31 TI1a-~ Z~ Q = 1.OoOo W ORD - la-5 RETa-JRN Q O . i a-~~~

1 3 7 4 l 1 4 1 l~ 1 3 8 7 14 1 3 5 11 12 
- -

WORD a -19 EIGRa -1a - 4, 
a -0.5000 WORD -a -20 RETU RN 4, a -Oa -la-26(a-

WORD a -a-a-2- SIX 4, = 0.8000 WORD a-’ 145 BETa-a-Ba-I 4, = O. Ia-2&a- a-

a- 
WO RD a- 9 FALSE 4, a -1.000 WORD a -29 EQUAL 4, a -0.6000

WORD a -19 EIGHT 4, = 0a-5C00 WORD a- 20 RETURN 4, a -0.2857 a-
~WORD 52 SIX 4, = 1.2030 Wa- RD a-a- ‘45 RETU RN 4, = 0.2857 _

_

; 
-

WORD a -1 MINU S 4, = 1.253’) WORD a -70 EQUAL 4, 
a -0.5000

- ‘a-a-a- -a-,

1 3 7 1 4 114 14 12 l’, 8 7 ’ 4 13 8 10 l3 7 12

WORD a -69 EIGHT a-a- 0. 14000 WORD a -‘45 RETURN 4, a -0.8571
WORD a-a -19 EIGHT 4, a-a- 0.5000 WORD a-. 2 - a -) EQUAL 4, a -1.:’a-Xa-O -

-WORD - Ia- La- E GFIT 4, a -1.5000 a-a-a- a-a-a-RD a -20 RETTJR]~ 4, a -1. 3333

WORD a -69 EIGHT 4, a -0.14000 WORD a -1e5 RETU RN 4, a -0.142%
WORD a -19 EIGHT 4, = 0.500-0 WORD a -29 EQUAL 4, a -0.8000 -

WORD a -Ia -la- EIGHT 4, a -1.2500 WORD a- 20 Ra’TU RN Q a-a -0.8333 .~~~~~ ,

_ _ _ _ _ _ _
_
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Tc,ble 10 (C~r it inu ea -I)

-

- 

a- 11 4 1 1 4 1 3 9 1 4 1 2  I 1 ’ a - 1 3 a-~~~ 8~~~~~~1 1 l 1 4 2 1 2

WORD = 71 51a-OP a - C a -.i~ ( a - ’ J W a -RD ‘a- L FIV’E
WL ND a -21 STOP Q 3. ’~ ’) O1’ Wa- }ID ‘ F I ’ a-”l 4, 

a-.
WORD ‘a- 146 SToP Q a-a- 0.501)) Wa -RI )  17 S L R4 O  Q a -1.114. a-

a- 
Ia-’CRI) = 71 5T 0P Q a -’) ,1a-’(7 a--: :~n - SS Fr.’E
•-:c~D = :3 ST -O P a-~ -a - -: .5 a-)3  a- -a- . RD - ~

- ‘I’0R 0 a -1.~a-)”0)
- Wa-RD a-a- 14~ DT a- P 4, a -0 .50 ) 1) a - ’ j a-r~ 1’ SLI ’CII 4, = l .a -S -

1 L a - 1 1 4 1~~~9 1 4 1 : ,- 13 1$ a - 6 - . 0 7 1 ’ 4 - ’ lo

‘a--a-SlID - 71 STOP 5 a - a - ) ,J (’ ’a-’ %- a - ’RD 73 PTV’E Q a - O . 7 1 1 .~
W- Fa-D a -21 STOP -

~~ = O . ) a-a-) ~~~a- a-’a-D 147 FIV)- a-
WOR D -a -146 STOP a-a- a -0.0 0) -OJli) ,a-3 FIVE a-a- a -~~~~~~~

- 5)

WORD = 71 SToP Q a -0.16(7 a--~: Oa-D a -73 FIVE a-a- a-

WCRD = a-1 S TOP  a-a -a-).5)a -~) ‘21-RD a- 14~ FIV E a-a- a- 1. a - - 0 a - C )  a-

‘ 

Wa -a-RD a- 14.5 S a - a -, p 4, a -0 .5:1)) WORD a -23 FIVE a -~~~~ 
5 )

la-a- 1 Ia- 13 3 14 12 1~ 2 13 ‘4 a-) 7 10 0 11 a- ’ 114 12 -s 
-

a- WORD = 71 STOP 4,, = O.1C-6’( WORD - 145 F IVE Q r.a -O a -,j-) . -J
WORD a -21 STOP 4, a -0.5003 W a- lI D ‘a- 73 FIVE 4, a -Ca-.3~~~3
WC.’~a-.D = 146 STOP 4, 

a -0.5000 Wa-~RD a -:3 FIVE 4, a-

a- WORD -a -71 STOP 4, 
a -0.1667 WORD = Ia-S FIVE 4, 

a - O .3 0 a -a- ’D

WCRD = 21 STOP 4, = 3.5000 WORD a -73 FIVE 4, = 0.3333 
‘ 5. a-

WORD a -146 ST OP 4, 
a -0.5000 WORD a- 23 FIVE 4, = 0 , / D O - S  - 

-

1 1 4 1 1 4 1 3 8 7 9 1 4 1 2  1la- 2 1 3 9 8 1 0 li i 1 a - : 1 , a-

WORD a -71 STOP 4, a -0.11429 WORD = la-B FIVE 4, a -0.1,0:2-
‘ a- ’ WORD a -21 STOP 4, = 0.14236 WORD a -73 FIVE 4, = 0.2500

WORD a-’ 146 STOP 4, = O. a - a -a -’56 W ORD a -23 FIVE 4, ‘a- 0.6(67

WOR D a -71 STOP 4, a -0a-114~ 9 WORD a -14!’ FIVE 4, a -0.12:2
WORD a -21 ST OP 4, = 0.14236 WORD 73 FIVE 4, a -O.25Y)
WORD 1i6 STOP 4, 0.14286 WCRD a-- 23 F I V’E 4, a -0.6667
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Table 10 (CLUttho ed)

- LOCATE FGRTRA’2

5 ( 13 9 11 14 1 3 8 7 1 4 1 2  114 2 13 10 ’ ) 8 1 4 1 3 5 7 1 0 12- 
-

WORD - ‘ 71a- LOCAT E Q a- 0.14141414 1-a-, RD - 75 F- -IITRAN 2 a-
W ORD la-7 LCCATE 14a- 1.-ODD) Wa -RD 25 FOhTPa-AO a-

~~.500O 
aWoRD - 2a-- INI~JT 4, a -‘1~~)71 W- a -hD 

- - 50 FORTRAN 4, a -a- .555Ca-

WORD - 71a- LOCATE 4, a -C.1i(7 Wa- a-RD a -75 F L’~a-TRASa - 4, a -a-~~’O 5O ‘ a--
WORD -- 1a-) LOCATE Q a-) 71~

a- a-’3 a-’2~ O = 25 F~RTijOa- a-a- a-a -0 . 140 -a-a- ’)
WORD a-a -1!2 IRI~CT 4, = 1.01-57 W a - I~~i a-a 50 F:RTia-JO a- 4, a -0,5356

6 13 ~~~~~~10 1 4 5 1~~~ 8 7 ~~~~~~l~ 13 10 0 1 0  1 4 1 3 8 a -a- - , 0 11 I- . 1~- a--;,-

WORD a--a- 1+9 LOCATE 4, 
a -0.:303 a-/ORD = 50 FURTRAi l Q = o.14o:o

WORD a -714 LOCATE 4, a-a- O.D~~2 WORD - 71+ F(BTRAR 4, a -0 .50))
woRD a -:-a-~ I::i-U T 4, = 1.1a-5D WORD a-a -4~ RETOR’2 4, 

a - O a - & 5 ’ l

WORD a -71a- LOCATE 4, 0,1667 WORD = 50 FOIRThAII 4, 
a - 0 . 5 - 0 a - )

WOR D a-a- ‘49 LOCATE 4, a -0.3)77 WORD a- 75 FC TRA : 4, a-a- ‘ -53~~5
WORD a -72 La-BiT 4, 0.8571 WORD = 1+5 ?E:’a-’RN 4, a-- -0 .6 , ) ,.)

6 13 9 10 a- a- 5 13 8 a-f 14 lp 13 10 9 10 8 14 13 9- 7 1-0 0 1

WORD = 1a-9 LOCATE 4, a-- 0.200) Wa-lID - 25 FORTRAN 4, a - O.CC -DO
a-a- ’

’ WORD a -7 14 L-OCATE 4, — 0.22: 2 1/ Rb a -5) FCRTRAN 4, 0.6(67
WORD 22 INRJT a -1.1-5) a - -a - a - R D  a-a- 75 FORTRAN a -0.7775

- a- ‘ WORD - 714 LOCATE 4, a-a- 0.1667 WORD a-a- ‘45 BETISRW a-

WORD a -1+9 LOCATE Q = 0.3077 WORD a- 25 ~oR TRAi: Q a -0.61’S
WORD a -72 IN~ JT 4, = 0.8571 Wa--RD a -75 FC.RTRAN 4, a-- 0.7530

13 7 10 9 10 II 5 13 8 7 ‘4 12 1 14 2 1 3  10’) 8 1 4 1 3 8 7 1 ) 6 1:

WORD a -1+9 LOCATE 4, a -0.6667 Wa- - RD = 75 FORTRAN 4, = 0.191~ a-
WORD a- 72 1NR1T Q = a - ) . 7 5 0 0  WORD a -25 r o ’:LRAN
WORD a -71a- LOCATE Q a -0.7500 WOR D a-’ 5O FORTRAJ; 4, a --0 .7778 - a

WORD a-. 72 INFUT 4, a -0.625ca- WORD a -75 F CRTRAN Ca- a -C.1 1a-O~~ ‘

WORD 7a-4 LC.CATE Q a - 0 . ( a - 2 5 - )  WORD = 25 FCa-RTKAN Q a -O.2- 1143
WORD a -22 IIlIiJT 4, = o.6&a-7 WORD a -50 FORTRAN 4, a -‘)• “a-’ a- ’

—‘a- ’-— a-- ’
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_ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _

- Tabla-’ 12- (C-~~a- O i n u c~~)

13 a- f ) 14 13 - a - ~ i2- 7 14

Wa -RD a-a - ‘
~~~~ 11:1’: 4, C

WORD ~‘ a-
’ i::~~ -: Q a-a -a-a- ’ .~~~~. 5)

- Wa-a- RD a - a - -  I:a-’~; Q ~ -

- 
Wa- RD a - 1 0  1010 /’ 4, C.1~

a
-~’ 

‘ a -

‘ Wa -Ri) a -14’ ’ 1011 2 4,, a -2.5., .
- WORD ~a -- ior:: Q

13 7 (‘ a- 5 1~ 1 - - )  8 ‘a-

WORI = 1 4 ’  I:a-a-1 7 4, -a- C. -) ) ) )

1-1C~ D a -7_ I::l~~T 4, a -2.

a- 1-::OD = : ::a - i:oo’o 4, a-

- 

WORD a- 14~ Ia -a -lOT 4, a- -D .
a

-- ’ a - )

‘2-:RD ~~~
- 

~:‘ a -~ ”:’ = a-

WORD a-a -~ ,O Ia - a - a - VT Q ‘

13 7 0 a-’ 6- 14 5 13 10

- ‘ 

- 
WORD a -72 ],‘I’2’a-,’ 2 a-

a- WORD -a- 22 1:01,1 4, a- O . ( a - ’,)a-)

WORD a -Ia- a- ’ Ia-OI l’ 4, a-a- O.a-3753

- WORD a-a- 72 IlO’a - T  4, a -~.14i~~
’a-

-

WORD a-a - -
‘ Iii1~a- C, a- C~. !a-~a-15- WORD a - 1+7 1:00 2 Q = o.~ 5.,114

2- 13 7 C’ 14 5 13 10 -1) b 1 14 la-’ a-

- ‘a- WORD a -Ia-7 Ia- 1F~’T 4, = 0.100-)
- WORD a- 72 ilft’a-’T 4, a -0.1/00

WORD a -2 IflflJT 4, 
a-

- - WORD a -la-7 IIIBOT 4, a -O.076a-a-

WORD a- 72 i::n’: 4, a -0.0760 a-

WORD a- 22 INIUT 4, - 0.114: -) a-
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a-a-2-~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
a-

detected category zeqo ~nca -~ is a1~o 0a-own for each test word just before the

a - 4 ,  values.
The i- a-a- - reca-a-gnitlon rates for the 100 ta-est utterances were La - a  r o - 2 - g -

nit~on and 6~ errors for 4, cpt icn ~/1, and ‘,i~<~a -recogni tion and / ~~a- e r ra -r i  a - r

4, option I/1)a- This data dcc-,; not aaka-a -use of the threchc’ld value ~a-~~~~~~ De-l in

the program . a - a - i a - a - - f l  t a - C s  prov ision iS used ? an ad’rartoge apPears in the -:;ca- çf

the second method of’ 4, calculat ia-in . F igu r es  11 ari d 11’- sIa -a-,:-:s the ei ’~’ca- s~ ~0

varying the  threshold ‘-doe .  The 1’i gores show the Percent -ira-c a - f  r e c c a - ;n t l c n

error and non-recognition rate for var i ca-u s  values of threcS~ id apr a lie )  a- a -ti C

match 4, value . Dy cca-mpar inr  the two curvvm , i t  can be seen th a t  if it ~s de-

si red t o hold a - a - a -~ error rate to 2- a
- , for exaa-ple, then option ‘-‘1 h a - a - s  a

ni t  ia -n  rate of 5 ) 1 , a nc-n-recognil  ion rat e of 3 a-~~, and an error rat - a-~~ a-
a-

a-

(a p t ion  i~’2- , hoa--:ever , has a r ec, a- a-~Yit  a-on rate of a- ’5
a
-,,  a non-r eca-a-a-nition a--a’ e ca-f

“3a-’a- , and an ey r a-a -r rate of ‘ a - , Thus , obviou s ir~~roveme nts are avaIlable ‘cIa -i

us ’,r a -g the nasal str n~; an d error analysis  ,-:e ia- ;a - ,ted 4, ealc’,ilation ~ r -a-a-’ -i~~e~~

a- la- or iy  Op t i o n  f a - : a-

Th e relative ia;)c r t anc e  of the riae-a-a- 1 cate a-;or ’ err, ;rz can be seen n
Fi ga-a-a-’eo 13 an~ 114. 1k-a - u -, t ia - ta- ~5 -word voea -a -a - -ul ary data .ias ceen rca--’o ra-a-ed ‘a- ’a-

eliminate vocabu1~~’y words c~r.taiuira-g nasals. The resia-a-lts h ave cha:~ged ca-a- n-

‘siderably.  The un t la -~’ezhc1 ded rec a-~gnit ’ a- n rates are na-a- -,: 52 1 O u r  b a - ia-S a-, ; ’, i a -.n 1

W a - i  Pt a - l i  a- ’ 4, a- aleiC u,a- i , ,n .  There ~ti11 a -a -j -peo r s  to be an ii) ~u’~a- a-.~ c- a- ,’,;::a-

t I a - t a -  2 when the 4, thresho.j, d is applied as zhc~a-’n n F gures 13 :u’a-J il a - ;  ‘ever,

t h is  i i  d a - u -  a - a -’i,ly t a - a -  a-he advi-nta~ cs of error an alysis w e i g h t i n g  a - f  4,
tic,-n.
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sEcrIa--n V

CLia - CU ’SIuIa - S A~:D REca-~-~’0:DATIui :s

The category-sequence wa-’-r~ 1’eCC a-~n 1t iu - f l  soi’t a--:are oa-as p a - a - a - - s u e d  t a -  a-~ i’- a-la

t ively high da-:reee of refinement J : - a - - i u a -  t h e  pra-’gi ’aa-a-. Analysis 01’ tes t a-I :t t a

take-n at the  end of the pra - a-I 1’wa- has 1- -a-,1 t( the cenclusion tha t  th e T:-a-xt major

step in the recognizer perl’ca-’nance :: : n ca- -cr w i t h  imla-roversefits in th u  a- -h onet a -ic

cate ,~a--r y reca-a-a-;nition };ardware . ~c-:c’ ’er , work d ir e ct e d  at isa-sea- ~- : a - a -~ ta-ic pa-icr—

a-a-ca-s ic cat -a - -a - a - a--a-,’ recognizers t h e  ra - a - a - the ca-- a - a - ’ : a - - s c -  of t a -a -c ‘,-
,
- ca’. has led t a- ta-ic

ca -a -uslu s ion  t ha t  extensive changes :. st la-c l-:-ade in t a - ca- a - - a t - a - usa- -v  detector s  a- c- a-

Va - re a s ign I f i c a n t  reduc t ion  in th e i r  ca- ntribution to ‘sa- i’d cr2’e-a-’Z can be sade.

It is felt that the irspienaintat ion a- these changes will  reauire  a c a-a-s.;’let-e

redesign and rebuilding of  ‘a- h e  I-ha -a- ‘ .10 ca~e,~sry a - ’ ec or ua - izer .  These changes
are ~~!‘a-’a-d a a-~~a- speci~~ a - C  ‘a-r a - l - l - ” a -  er’-sa-a-ia--:

1. The &.i;-:Inaticr, u l ’ ce rtain desi gn
lira i tat  a - otis a-

Oa-. The reduction a - f a-’ aa-a--a - i u a-n  err  rs
ca used by the a- ar amctc-i ’ extractors , a

-

3. The reduct ion  a - f  i’ar,do n errors
caused by the catt- a ;ury extractor s  a-

I a - a - The reduction ci’ the reccgniz~er’s
sensi t iv i ty  to external ac-a--s -a-tic
noise.

~Thile each of theze areas is importan t to the overall l ’c a - r fa -- rr a-aa- ;ce , it I 
a-

is felt that the first arca-~, design limitations , is the ra -a- St important to a-he

nasal categc ry r ecocnit i cfl  a- roblen inasmuch as it will pcrs:i t the ir.clusioi L V

additional a-nf orr a t ion  upon which to base the nasal recognition decision .
Four desiCn l im i ta a - _on changes are felt to be necessary. These are :

1. Ik-w Category Extra~toi’s

The most st a-ere deficien cy ¶ n  the p’esent r e c , a --n i 7 a - - r  is t i e  a-

inab ili ty to re cogn ize nasals w i t h  sa t is factory r e l iab i li ty .  The
inclusion of t’.~o ne’~ phonemic categories should greatly help ta-a-
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a- , a-

i’ca-l a - se k -h is  ia-i’~a-l i cm . These catcgories are really the se s i - s a- a- a- a-,
features enc oa - intera - a -d in the a rt i cu l a t  ion of nasals a -These ~~ - ‘a- _ •

S t  a- ~ a- a re d i  ~‘ia- 1ed i a - t  a- a-a- SC5~~ —a - - a - Se t  and sea-ni -a-release classes a - - a-
W :a- i l a-a- t a - a - a -a-a -sc feat a- :r ( S do not uni qa- ely i d e n t i f y  t h e  u cca - a - i ’i’ u a - a-’e C : la-
a mac al , t ‘ 

a - t - y  ai a:a - a - ,~: a-a- c’a-sur eli c .a- a nasal ocCurs  a- (l a - V a -a-a-a- ” a - a - na t  ‘-2 - . 
-

a-
Sc- a- i —stops  nrc ala-a- a-a- a-

’
a - a - a - a - : : d  U ri r ::a -~; t h e  a r t i cu la t ion  of 1’ s a-a-n I r ‘ a- -

in cer ta in  a-a-a-~Qfla -a -’ a- , ic  cn v a - l ’a-a- s’a-c :t s  a -) ia- a- is overiwa -is n .t a-~~ a-’ -
because the -,sccuri ’er.a - a - a -  01’ t a - a - c  a- ’ea-~t a - ,r e  is s uf i ’ie ient ly  Ca- IS a - s~ -~: a -  -

~~

tea- aa- -Cal’ in l a - a- a - t a - a -  t c a -t  and lila-ra cy ;~ a- rdc a -Thus , t l ,e r use as .a - a-
catega- ry :;hould a - a -r a -  ‘1 dt! l ’ a - L C a - ’ a - ’ t a - !a- l a - a - i ’  the ex ic t i l a -a- -a- ei sa-a-i Ca - at a - -; :~ : a - -

It is a-~ , a - a -  a - a - ia-~a -gest - e .1 tha t  t ’a-e I f lt u i ’ a- a- colic a - a ’ . a - a - e alu ca - be carr_ c.  a-I
as ‘a- s d - a-a-r ate na - - a -c c a - a -’ - a - h ra-,’, In t a-ic current  lc a- ; i c  i t  ia -s used us -~~~~

a feat u re a -Tills I u: : a -i~ ta-a- rob ta -~e a-c_ i’ d logic a-a- I a. cola-able a - a -, a- - 
~

a-a- a - I  in l’u-i ’t0a ti (a -t a-- a - - l a - a - t  a- ag ta - a  - the ~~ i a - L~~ a - C t  a- ~ structure a - a -f the wor d.  -~~ -
a-

2. Inc l. : si or a-  a-s V a - a - a - u ’ .- ‘ Da-irat Ia -  a -a - ti I n f a -  a - ’ a-’ at i ,  a - a -

The h a-re s ent- cOt t a-- a - a - a - a--v cxtra cta-’rc do na-st inc -i ‘-do p a - a - c a - l e a - c  a - i a - a - :’ .— -

a- t ion as p ia-’t of ta - ca a-Va --a--m at la--ri t,’ansra-itted t a - -  th e  a - -a - a - i’d l a - a - I s a-
It has become ev id a --a -a-t  fi- L a- ‘a-a- a5 i a - i a - f la-~ w it  a - a - t a - i c  a-1~~a- ca-et od a - a - I  :‘I a- a- - ,a- a-

phonemic category h’ a-t the m o b s ica- . cl ~‘sa - :c a -j  a- a - a - a - a - I  Va- a- c a - a- a-~• a- -
a-Ia-a-rat ion wou ld pra-”a-’t de a - i a-7a- i ficant held -- a - a - a - t he w ord  la- a - a - i c  1 a - - - -~~
in detea-’mi nhia -h t a - a - c  a- ’a - l a - a - t  lye la - a - a - a - a -a- r ta r icc  01’ va - a - a - a -el aria -a-I f t  a- - a - i  j ’a- C ‘ - -

de tec t i a  -na-a-. At i’l ’~~Sc’a -lt a -fur  example a -many ext a--a va -u -la - a - a re  h - -  —

teotc a-d .  The i-elati- ,’e a- a-- a - -a -  c a - a - i r a - c e  a - a - I  t i a - 0 S a -~ ~- a -s ’ a -a - ’ i :a -  c c i -  t i e  de a-a - a - a -a - -

mined because a - f  0a - a - ’ a - la - a - ca - a - of a - Ia - a - a - ’ a - it ion ra - a -~ -a- ’r a’ i a - s i .  (‘In a - a - ’ ’ i i a -’a - ’ a - I  a-
t he la- i a - a - a -a- a - ’ the  v a- a -w a -a-i t a- a- a -  a - a - , -a - - c,  c i a- -a-n i a- Ia -- ant a -) It i a -- a-- a - a - a - ,- cas t ed a-. -

~~~ -‘

a-a - a - a - - a -h inl’orm-’a-I lea - i  a- s -a -a - a - a- a-a- i a - a - , a-al’ pa -a l - at i-a - I h~’ a-a-a-’ a - -~’ c1 a - a -, l a - a - c  a- ’ ~a - a - a -- ’- ’ a-

cat  t’, a - ’ra-,’ log ia -a- a - -a - I Ia - 0 a - a - c a- ’a a - - a - . t a  111 t~a-’ ci’ a-’epa-’a t i a - . a- a cat ca - a - cry a- i -  ‘ —

t i~~ l in “report ia - a- l  a- a-- i a - S  da-ii’at i a - a - a  -The ‘a-.’~~i’d i, a- ’ a - i c  ‘a- a , ’ t ° a- ’ t a -  a
-

a - a - ’~ a - a - i a - t  a- ~e z’e’lat l . a - a- a- ’ , r a c a -’t a f lc e  a - a -’ any dc-t ect a - a -  ri I -v t h a -  n-r ’a-l ci’ -

n p- ,-’ a- t~ ja-a-a-~~ a -‘ a - a -a - a - a -  , t a- a- a- cut a- a - a - a - a -j ’, se a - a - a -a -’a - n c o  13 — f —  1—1 a - — l a - a -  — 1 — i , a - - _
ta- Ca -a - a- a - I ’ l~l — -~ — a -— i— ) j  a-

~~~~~~~~~~ ]~~~
] -  a- a a - ’  i~~~

— a - ; — f — a- - — a -—i ‘a - a-’l~a - J ] ,  a -Ci a- ’~ a- Ofl
uçon t a - a - c a -  relative d- -ra ~ i a - n  a- a -- f t i e  a-’ and a- catc-goi ’y.

3. Fr i a-’a- t t  i - a - a -a- i tt t -s~ r ~ — di f :  ~-a ’ i c - a - a - a - ’

Fa - ’i ,’ot i a-- t’ detec t a - a - a - a - S a - a - a - a - a - a - a - a - I d  Ic r . ’a- , Ia - ’ a-a- n an j : a-stant ar ieca- a- a- a - :’ ,.-
riet e r basis  r ota -ac t ’ t han ca -a - a-tn average a- ur aa -a -et er  value a - i a - a - a - ’  - i a - a -  a- 

- 
-

fr icat ive in te r - a--al as is ha - t ie in t h e  current logic.  T a - i c  a-
a- ft ica t i  ye d e te c t  a-’r, a - i a -a- d a - a- a -’e a-a-ne Vi’ a- a - a - a - a t  i ye dcc i s  ia -a -n ‘a- ’ t a - i

~ 
Fr I cat  - ye a 

- -

u t ’ cr a-i a-n ca-a-, a-m a-i thu s nly r ca - resent I he  it’ ’ e I ’ a - i g a -a-- ‘a- a - a - l a - a - c  u the :‘r a—
t i va- a- • It. a - i a - a - a - la -a-a- ca-, a - a - a- la-a-ur that ta - ta -’ fr i c a t  ia - - ca- a -h ould t a - S  a-I t t a- a-a- ’ a-

much t a - i a - a -  z aJra-c way as ta - a -c  ‘a- ’a- rd 3. T a - a - i a - S  a -if a ca - a - a -’ u’,gc in ta - a - a - V a - a - ~a - -a-a-— - -
-

value a--a -a- a - a - a - f lu; diii’ a - rig ha -,’ art let  la-a-I a - a - F , 0.11 i a - a - I a- ca -t i  a- a- a - I’ t a - i a -t I oh . a - a - e - a- a- a-a-

sh.a-uld be sent to t h e  werd la-a -a - a - i a -,’ . ‘ ‘
a-’j

- a - - -
a-a-j’ “c,’
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-‘ 
a- a- . A -h a-ta-a-nal Pa-a-’ara-eterz

- An additional raraa -a-a-eter ha-a-s been found ta-a-at improves the dis-  a
-

- cr i ’a-a-inr, t ion of t a -a -ca felt  catcgory a -Ta-a-Is parameter is a measure of
the a-- andca -r a -nc-a - s a- a-a-f t h e  period a - a - I’ the clipped speech si gnal . The a-

- 
ira -ore random the ca--lcd , th e more l i kely  that an 19}i category is
present . ‘ia-iiz in ia - a-r ’a-at ic -n a-huu ld he incorporated as a sta-pp lement

- 
to the a- resent  3i~ ’ ~:pecta-’al info a- ’ta -a-a ti on .

- 
- - The c a l i r a - i t r t t I a - n  of a-’ar.do,a--a- era-rot s prcduced by the parameter extractors

ir a --a-a-d ye three ca - a- an a-es : a
-

I IlhT F i l a -e i ’  
a-

- The 3~~’ 
a-a-xt a-’aa-a-1 a- a- ’ a-a -a- t a-v a- I’ contains a certain component CI ’ noise

that is dlf fia-a-lt a- , :‘ilter a - c t  w i th  na-a-a--r ob techni ques a -‘ib is is a-
hecaa-.sc’ ‘a - i a - c  si gnal a - c  cta -ar a - t ct a - -a - ’ l z c d by lar a-a-e , vory iust  changes

a- that a-a-~ntaia sia-a-ni :’icaza-t ina - ’ -or: ,a a-a- ion as -a-ebb as si,,oll last chara-ges
t a- a - st are ra- a - .  a-a - c a -,, , ‘ ‘a-i-’ 1 a- - ‘ a-.:-’, a-’ a-’ “ a - l i  ~~~‘ a- a - a - a- —a- a - , l I  -‘a - - a-a-- -, a- a- a-— ., a- a - - a-

- also eliminates the iargca- fact changes. A !i’u a-a-z’r-.ra-:aa-2~e fil ter has
- been breadb carda-a--d that heavily filters th e .a-ignal Ira - the absence

a- of large cia -rr.gc s -ca-h greatly ia-a-creases its b’a-ia-n dw t d t a - a -  dur ing the
- - - fast ci a-ra -ca -ec a -T ia - i . a -  t e chniqu e  a - I a - a - a - - a -a- a major r e d u c t i a - a - a -  in the z ig-  a-

- a-a-a,]. a-a- a- .  isc w i t i i a-c . t  la-sing any a - ign i f a -c ’ax’it i l a - f a -j r -,at i  a - a - .

2 a  -A-p l it a- :de  Pa- t a-t a- i ’

a- a-- ca -a -c a-a -I ursa-i h a - a - a -d c  d-,- ’a- a- a - c Ia- a-- a - a - a - a - es a pea-fl-a- doted a- a-a- ’  en-a-cia-a-pc

a- f i l t e r Ing  tccIa-a-nj a a-e. It has been found that low-pass filtering
proacces a a--a-ore c a - n  ;i s ten t  a-i gr.ai, r e sr onoc .  It is suggested that
this  fI l te r ing  sya -~ ea - a - be ada- pteda-

3. ~ ‘F a-/a- wa-’). an a-I Fr i ca t ive  Quantizers

a- The a- ropcsed ci.a -a-r a-ge in the S~~’ f-l i ter  makes possible a ~‘etter
SEF q-a-antizer that should consa-derahly reduce th e number of extra
‘.‘a-~we1 detect ions . In the l ast , a-a-ecausc of SEF noise , it was in-

- p c s c i i a - i e  to enrisy hysteresis in the threshold detectors. By
using the SEF fi l ter , a good deal of noise present a-n the outpu t
of the ~a -a - a r . t i z er s  can be eliminated by the use of hysteresis a-

There are two changes that would help to eliminate errors in the pho-
nemic cate~ cry detectors a -These are : a -a-

a- a- - 6 a -~
‘

a- 
- •
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1. Backgrounu Noise ba-ye]. T hi f t  for the Stop Category Detectors

The stoi category detectors utilize the derivative a rn j l lt udc
parameter inforrsa a-a-ion to naice decisions . T1’e amplitude c-f the

I deria-rative is a function u: the background level; thus , a - t a - u
category decisions based upon derivative amplitude are modified

- ‘ by bac ’ra-ground level. It is sugcested that background lea--el can
- be corra-pensat d for by inca-v ir.g t h e  stop detector threshold in ac- -a--

cordance with a meazura-a-ra-ent of the background level. - ‘a- 
- ‘

2. Vcwel-Frie ’a-tive Detector Phonetic Fnvirc ’nma-’nt Err -r a -i - - a -  
-:

The vowel-fricative detector is based a- a -ron the de tec tLn  of -~ a-~~ .a-
fixed a-a -a -ini muxa-a - durations of ‘-‘a- iced and unvoiced energy. I’nfc-r- - a- 

a-tunately , these ia-a-$nimu m dura t ions  vary depera-ding uron the i ha--
- netic environment . It’ Is suggested that these various en’.a-iron-

a- a-cent condit- ’~-a--ns be i tsed to ai ta - a - r  the a - nin a - a - -a - -c m t ine dura t ion  re- -

- 
quired to make vowel-fr icat ive category decis  ions .  “a - a-

One cha -tn r~ te reeommpnda-~~ tra - ~ea-~’a-ee f a - -~ ra-a- a- a-a-e sensitivity of the rec:g-

miser. This involves a modification of the speech silence detector so that Ca-

the presence of a minir,uzn duration period of voicia-~ information is required
to establish the presence cf a spoken word. If this reqa -iircca-ent is a -a -a -ct before
the amplitude parameter returns to silence , tile word logic is reset .
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SECTIGN VI

C’JR CIJlT D1AGRAIa-1S

I a - ’ , ‘
a-

’

The circuit dia gr am s for t a - a-c two cards added to tile recognizer are 
a
-

a 
-- ‘ shown on the following pages along wi th  a table of the backpara- w i r ing  changes.

Also included are the circ a -a - it s  developed for  the SEF fil ter and the voicing

circuits which were not insialied in the reca-a-gnia-er .
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